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PA8T I: KUCUTIVE SOIMAIT 

This is Che Final Report under NASA Contract NASH 3204, a program of 
research and internships in national space policy with special reference 
to (a) technology transfer, (b) communi. cations policy, and (c) the commer- 
cialization of space. 

Progr a m *f iimma r y 

Program Objectives 

The first objective of this program was to make available to NASA and 
the Senate, as interns, a group of Ph.D. ^ndldates trained in Che appli- 
cation of quantitative analytical techniques Co policy Issues. The second 
objective of the program was to conduct a research program In national 
space policy, with special reference to (a) technology transfer, (b) com- 
munications policy, and (c) the commercialization of space. Research 
resulting from the program provided both specific and long-term policy 
perspectives to NASA and the Senate. 

Program Activities 

This program had two coordinated activities for fulfilling the pro- 
gram objectives: (1) the provision of Ph.D. candidates In the Engineering- 

Economic Systems Department as interns at either NASA Headquarters or the 
Senate Committee on Commerce, Science and Transportation (the "off-campus'* 
program); and (2) the conduct of research by EES students and faculty at 
Stanford University (the "on-campus" program). The off-campus program was 
initiated in July, 1978. The on-campus program was initiated in October 


of the same year 
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As preparation for the internship, students participated as research 
assistants in on-going resear<:h of policy concern to NASA or the Senate 
Conmlttee. The program also provided post-internship support for students 
pursuing Ph.D, research within the program’s subject areas. During thr 
five year period from July i, 1978 to June 30, 1983, a total of 15 
students and 5 professors contributed to the on-campus research effort, 
and 11 students participated In Internships ranging in duration from one 
to two years. Exhibit i lists the personnel involved in the project. The 
research conducted under the program resulted in the preparation of numer- 
ous exploratory and discussion papers, 22 of which were completed as 
research reports and are .included in this Final Report. 

Report SuMary 

This Final Report is a collection of 22 reports that relate to 
national space policy. The research procedure was f'*rst to prepare work- 
ing papers which were discussed with interns and individuals at Stanford, 
NASA and the Senate Subcommittee Staff, and then to prepare reports of the 
type Incorporated in this final report. Sometimes working papers 
initiated by interns were expanded into fuller reports after the student 
returned to Stanford. Not Included in this report are (a) the numerous 
exploratory and discussion papers concerning research topics which were 
not pursued and (b) those documents, such as position papers, which were 
prepared for purposes other than research. 

The papers included in this report examine Issues related to three 
national space policy topics: (1) technology transfer, (2) communications 

policy, and (3) commercialization of space. Parts II - IV of this report 
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contain papers dealing %rlch each of these topics. The following sticrlons 
of the Executive Sunnary contain synopses of the papers addressing these 
topics. The numbering plan of these sections parallels the nusi>erlng of 
the body of the final report. 
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PUT Uz TECHMOLOGT TIAMSFEl 


Pesearch related to technology transfer was conducted In four aain 
areas: (a) General isaues, (b) NASA technology transfer, (c) Market** 

oriented approaches to national sciance policy, and (d) Markets with 
implications for technology trsnafer policies. The papers associated with 
each of these topics are briefly described below. 

A. General laauea 

The overall goal of any R&D project funded by the public sector Is to 
produce social benefits which exceed the cosci. of the program. It it 
often the case that the social benefits can only be achieved If the 
results of the research programs are transformed Into commercial ven- 
tures. The paper "Evaluating the Benefits of Public Sector R&D Projects: 
Accounting for Technology Transfer" addresses some general Issues regard- 
ing this technology transfer process. It develops a specific economic 
model of the process to enable an analysis of the effects of various 
policy options on the technology transfer process. 

B. BASA Technology Transfer 

The papers In this section address several Issues which were of 
special interest to NASA's lechnology Transfer Office. 

1 . Government Patent Policy and the Transfer Process 

Clearly, the commercialization of Inventions resulting f.’om 
govemment-sponnored research is affected by the patent system. The paper 
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“GuvarnflMnt Patant Policy” addreaaaa tha role of govarnaanc pacant 
pollclaa on tha tachnolog: tranafar procaaa. Tha papar waa praparad 
during tha dabata ovar tha “Stavanaon Bill” which (aa anactad) subatan- 
tlally changed tha fadaral govamaanta policy on patanca which raaultad 
froc fadarally aponaorad rcasarch. Thraa altamatlva patant govamoent 
pollclaa ara axaalnad and efforta to rafora tha ayataa am daacrlbad. 

2. A Tachnology Tranafar Caaa St»’.Jy (COSMIC) 

Tha Coaputar Softvara Managaaant and Information Cantar (COSMIC) waa 
aalntalnad by NASA aa a claarlnghouaa for coaputar prograaa davalopad by 
NASA and tha Dafanaa Departaant. COSMIC 'a rola thua providad an opportu- 
nity to conduct a case study of taciut«.logy transfer. Under COSMIC, tha 
aarket for software that developed during the course of NASA and DOD 
research is analysed. Because the cost of buying software froa COSMIC 
usually Is only a small part of the life-cycle cost of using the prograa, 
pricing of COSMIC software la not a critical Issue. Custoaer or user 
uncertainty regarding the exact rapabllltles of the govertiaent-devaloped 
software la found to be a possible lapadiaent to the transfer of the 
technology. This uncertainty (a aarket iaparfectlon) affects to varying 
degrees tha adoption and use of all new technology. Options for laproving 
this aspect of the technology transfer process are considered In the 
papers In the next two sections. 

3. A Team Approach to Screening 

The paper “laprovlng NASA's Tachnology Transfer Trocess through 
Increased Screening and Evaluation In the Inforaatlon Dlssaalnatlon 
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Prograa* in this •action propoaes a govamaant/induatry team approach to 
acraaning and evaluation of NASA-'generatad tachnologiea * The objectlx’e of 
thia appioach ia to dataraina tha coanarcial feaaibility of a wide range 
of technical applicatioua. It ia argued that auch pre-acreenlng reducea 
uaer costa and uncertaintiea but nay prevent the ultinate user froa 
exercialcg hia own Judgeoent and making the w t affective use of tha 
available information. 

4, Uae of HASA/R E CON Filea for Technology Trarifer 

An alternative method for improving tho flow of information hatween 
inaustry and NASA, which maintains high user Irvolvement but with low user 
cost, is the use of machine readable data bases. Such data bases ars 
discussed in "A Survey of Machine Readable Data Bases,** and the use )f 
NASA's RECON filcT la proposed as an insfruv' it of technology transfer. 

5 . Adoption Lags ^ n NASA PA D 

The research described in this section was conducted in order to 
provide Insight into duration of and the reasons for the lag which occurs 
between the start of NASA-sponsored research and the development of new 
technology. Because similar studies have been conducted of the private 
sector lag, another obje'.tlve of the research was to erspare the public 
and private lags. The causes of this gestation period need to be under- 
stood to determine which. If any, policies would be effective in shorten- 
ing the lag. The lag was measured using patent and patent waiver data 


maintained by NASA 
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C. MMfkat-Orianted Agproach— to national Science Policy 

The two papers In this section address the approaches to technology 
transfer that might supplement the information service approach which NASA 
has taken thus far. ”Organizatlonal Options for the Transfer of apace 
Technology to Commercial Markets" discusses a proposal to establish a 
quasi-govemmental research and development corporation. Several other 
organizational alternatives are also analyzed. The second paper in this 
section, "The Economic Basis for National Space Policy" takes an even 
broader view and examines the possibilities for Increased use of market- 
oriented approaches to implementing a national science and technology 
policy. ’’^Is shift away from reliance on direct public action can provide 
benefits to society in the form of an Increased rate of innovation and of 
more "appropriate" technology, better suited to the needs of consumers. 

D. Markets, With Implications for Technology Transfer Policies 

There are two papers In the section on extraordinary market consider- 
ations. "An Inquiry into the Ho-isehold Economy" is a detailed study of a 
specific question that arose during the study of national science and 
ted cology policy: Just how Important is the household economy in compar- 

ison with the market economy? Most science and technology policy studies 
have concentrated on growth in GNP and on productivity in the market 
economy. This study indicates that the household economy is comparable to 
the market economy in size and importance. This result raises questions 
about the validity of policy studies that do not take the growth and 
pr 'luctivity of the household economy into account. 
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Th« ■•coad papati "Legal Restralnta Confronting Domeatlc U*S* Fima 
In Thalr Foreign Operetlona" deela vlch laeuee arlalng In regard to United 
Statea leva and regulatlona which apply to doneatlc flnaa doing bualneaa 
abroad. It la obaerved that U.S. induetrlea which night be expected to 
expand their aalee 1 / International narketa would probably be very tech~ 
nologlcal In nature. Thla paper Impllea the need for further atudy of the 
lapacta which cuch conplex Incantlvea end raatrlctlona faced by nulcl- 
national enterprlaea nay have on the rate and direction of technological 
change within the U.S. 
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PART Ul: COMMDHICATIOHS POLICY 

Within the conmunl cations policy area, research was conducted In four 
areas: (A) spectrum management, (B) models for evaluating communications 

systems, (C) the communications regulatory environment, and (D) expert 
predictions and consensus. The related papers are described below. 

A. Spectrum Mmnagewent 

As a major user of the radio-frequency spectrum, NASA has a continu- 
ing Interest In efficient spectnun use. Moreover, NASA's communications 
program supports research dedicated to enhancing technologies which 
alleviate spectrum "congestion.” Three papers were prepared during the 
program, each of which examined a particular radio service and used 
economic analysis to analyze methods of promoting efficient use. 

1 . Economic Approaches to Orbit-Spectrum Management 

The problems associated with the allocation of a scarce resource — the 
radio frequency spectrum used by geostationary communications satellites 
— are presented In the first paper. It Is observed that users of the 
spectnun have little or no Incentive fox Improving and conserving their 
use of the resource because they are not required to pay the full social 
cost of their spectrum use. Economic criteria by which the effectiveness 
of various resource allocation mechanisms can be jadged are developed. 

Some thoughts are presented on traditional objections to using market- 
oriented mechanisms for allocating the spectrum resource. 


PRECEDING PAGE BLANK NOT FILMED 
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2. Frequency Coordination and Spectrum Econoialcs 

This section reports on an existing technique of spectrum management : 
"frequency coordination." Although engineers tend to regard frequency 
coordination as a purely technical activity, it is shorn that coordination 
(as practiced in the 4-6 Gl't band) has the properties of a market in 
spectrum. In fact, frequency coordination institutionalizes an implicit 
econosdc market, with attendant property rights, and thus promotes 
economically as well as technically efficient use of the spectrum. 

3. Licensing Arrangements and Spectrum Economics; The Case of MDS 
The third paper on spectrum management examines several alternative 

mechanisms to comparative hearings for the assignment of radio licenses. 
The FCC has proposed these methods in several radio services, including 
Multi-point Distribution Service, which is used as an example. The 
analysis suggests that the present system of holding comparative hearings 
whenever mutually conflicting license applications are filed is a costly 
way to select amongst applicants. Calculations indicate that auctions and 
lotteries with resale of the license are both more efficient than hearings 
but that lotteries are not as good as auctions. 

1. Models for Bvaluating Co— uilcation Syatemm 

Several papers were prepared which use engineering-economic 
techniques to analyze communications problems. This section contains 
three papers, each covering a separate area. 
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1. Selecting Alternative Satellite Technologies 

"An Illustrative Analysis of Technological Alternatives for Satellite 
Communication':*’ develops a decision analysis model for choosing among 
alternative satellite technologies, explicitly taking Into consideration 
the efficient use of the spectrum resource. The analytic methodologies 
developed are applied to the examination of satellite R&D decisions such 
as those faced by NASA. 

2. Least Cost Local Distribution of Satellite Signals 

The research on this topic leads to a model for selecting the least 
cost local distribution system for satellite signals, a subject that 
strongly affects overall satellite system design. The results indicate 
that the least cost arrangement Is one with a central earth station with 
cable access In regions with hl'^h to medium traffic densities, combined 
with Indlvlduax earth stations >.>r (for higher volumes) radio access for 
remote users. 

3. The Cost of Local Rural Telephone Service 

A study of Investment costs of serving a rural telephone subscriber 
in the U.S. Is presented In this section. Existing; regulations have led 
to the subsidization of rural service which may have suppressed innovation 
In rural telenhony by keeping the apparent cost of service below its true 
cost. New technologies, such as NASA's proposed rural mobile communica- 
tion service, may in fact have a lower true cost than the existing 
service. Although a number of advanced technologies exist for providing 
telephone service to rural communities, no such technologies have been 


14 


VOLUME 


Implemented in the U.S> except experimentally. However, as long as the 
cost of the new technology Is above the subsidized cost. Innovation is 
unlikely to occur. 

The paper examines a number of engineering cost studies, and esti- 
mates a statistical cost function using data from the Rural Electriflca- 
t:(on Administration. Surprisingly, it finds that the cost of a local loop 
and terminal equipment (including a share of central office terminal 
costs) is probably under $1000 per main station. However, the range of 
values is very large (from under $250 to over $1000). 

C. The Co—unlcations Regulatory Knvlroiiment 

The communications regulatory en'^lronment is described in this 
section and the report presents some of the implications which changes in 
the environment may have for NASA. The report reviews the recent legisla- 
tive, judicial and regulatory events which affect the industry. Several 
recommendations are made which will enable NASA to maintain its effective- 
ness in light of these changes. 

D» itrpert Prediction and Conseusua 

Research on how to use multiple assessments of uncertain variables by 
multiple experts is described here. The work on expert assessment led to 
the development of a procedure for calibrating certain experts' assess- 
ments. This research was conducted because expert predictions of future 
events are a fundamental requirement in policy making. For instance, the 
NASA Communications Program relied on forecast of the demand for orbit- 
spectrum as partial Justification for its 20/30 GHz research program. 
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PAST IV: SPACE COIMERCIALIZATION 

Two of the most promising areas for private sector involvement in the 
exploitation of space are remote sensing and manned space stations. The 
papers in this section address the possibilities for private investment 
and suggest policies which will expedite commercialization. 

A. Bemote Senalng 

The extent of the market for Landsat products and ground processing 
equipment is one of the most Important and least understood parameters 
facing potential commercial operators of an earth remote sensing system. 
The first paper on remote sensing, "Understanding the Landsat Market in 
Developing Countries," describes the Landsat market in developing coun- 
tries and the constraints on the growth of that market which stem from the 
development process Itself and from a country's technical, political and 
institutional attributes. The second paper, "Landsat: Historical Over- 

view and Political Analysis," is an extension of the first a.';d undertakes 
a political systems analysis. 

B. Maimed Space Operations 

The possibility of private financing and operation of the Space 
Operations Center (SOC) was considered by NASA to be an alternative to SOC 
development by the government. In this section's first paper, "Financial 
Assessment of the Space Operations Center as a Private Business Venture," 
a revenue model is constructed and compared with NASA cost estimates. A 
present value analysis is perfor:!ied and shows a potential for substantial 
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profit In a private SOC venture, although the possibility of large losses 
also exists. The second paper, “Private Financing of a Space Station,” 
broadens the scope of the study to consider the overall attractiveness of 
manned space stations operations from a business perspective. The most 
significant problems faced by a private company involved In any space 
station enterprises are outlined, and possible government policies to 
overcome these difficulties are suggested. This analysis Is relevant to 
NASA's Interest In including the private sector in the commercialization 
of a manned presence In space. 
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Report OrganlE«tlon 

Each of Che papers in this volume is preceded by an abstract 
providing more information about its contents. The abstract also 
indicates the author(s) of the original paper. For easier reference, the 
abstract is labeled according to the outline scheme used above, i.e., 

II. A, II.B.l, and so forth. For case of handling, the report comprises 
tuo volumes. Volume I contains Parts I (Executive Summary), and Part II 
(Technology Transfer). Volume II contains Parts III (Commi*.'iicatlons 
Policy) and IV (Space Commercialization). 
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EYALOATIW: THE BEIEFITS OF PUBLIC SECTOR B&O PROJECTS: 
ACCOUHTIMG FOR TECHNOLOGY TRANSFER 

Murray R. Metcalfe 
July 1979 

Abstract 


The overall goal of any R&D project funded by the public sector 
should be to produce social benefits vrhlch exceed the cost of the 
project. However, It Is often the case that the social benefits cen only 
be achieved If the results of the research programs are transformed Into 
commercial ventures by private firms. This process Is referred to as 
technology transfer. 

The first section of this paper addresses some general Issues regard- 
ing technology transfer and suggests some approaches to modeling the tech- 
nology transfer process. Then a specific economic model of the process Is 
developed. The model considers all of the major processes involved In the 
transfer of R&D results from the public to the private sector. It explic- 
itly conjlders the declslon-malclng process of the Individual firm. 

The effects of various policy options on the technology transfer 
process are analysed In the final section of the paper. The model of 
technology transfer process developed earlier Is used In the analysis. 

The policy areas Include taxation policies, subsidies, patent life, and 
the encouragement of cross-licensing. 
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Preface 

This paper consolidates three earlier papers by the author: 
"Public Sector R&D Project Selection: Accounting for Technology 

Transfer," March 1979; "Evalu iting the Benefits of Public Sector 
R&D Projects: Accounting for Technology Transfer," May 1979; 

and "Technology Transfer: Modeling the Impact of Selected 

Policy Options," June 1979. 

1 . Introduction 

The overall goal of ary R&D project funded by the public 
sector is to produce social benefits which exceed the cost of 
the project. It is often the case that the social benefits 
can only be achieved if the results of the research programs 
are transformed into commercial ventures by private firms. 

This process is referred to as technology transfer. 

The first section of this paper addresses some general 
issues regarding technology transfer and suggests some approaches 
to modeling the technology transfer process. Then a specific 
economic model of the process is developed. The model considers 
all of the major processes involved in the transfer of R&D 
results from the public to the private sector. It explicitly 
considers the decision-making process of the individual firm. 

The effects of various policy options on the technology 
transfer process are analyzed in the final section of the paper. 
The model of technology transfer process developed ea^xier is 
used in the analysis. The policy areas include taxation policies, 
subsidies, patent life, and the encouragement of cross-licensing. 
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2. A Framework for Exaunining the Technology Transfer Process 
2.1. Major Feature of the Pr.^ce ss 

It is not generally the case that producing technologies 
for transfer to the private sector is the primary goal of 

a government agency. For exaunple, the primary goal of DOD 
is providing national defense, while the primary goal of NASA 
is space exploration and development. For the purposes of 
this research, however, we will focus on those program areas 
for which aiding in the development of commercial ventures 
that are in the public interest is a primary goal. 

Government funding of research and its adoption by 
private sector firms must yield net perceived benefits to 

both parties if it is to be undertaken. To the government, 
one form of these benefits may be the increase in social surplus 

(i.e. consumer surplus plus producer surplus) due to the project 
and subsequent adoption, minus the progrcim costs. This cri*-.eria 
holds for any government R&D project and in general for any 
government project of any type. The benefits as percei/ed by 
the firm will be in terms of profit, return on investment, 
and other financial objectives. The firm will consider many 
factors in determining the profit or return on investment 
potential of a new venture. These factors include exposure 
(required investment), cash flows, time horizons, interest 
rates, and risk. Different decision-makers in the private 
sector may use different decision criteria ( see Greenberg, 1977) . 
Executives of large corporations may make their decisions 
mainly on the basis of discounted cash flows. Venture capitalists. 
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concerned with new businessei, may be mo^'e interested in 
maximum exposure, the first profitable year, and payback 
period. In all cases, potencial sources of funds and interest 
rates will be of major importance. 

A government agency selecting R&D programs mnst first 
establish that the programs will yield net social benefits. 
Conventional b''‘nef it-cost analysis techniques which consider 
consumer and social surplus are applicable. 1 awever . the 
level of benefits produced will clearly depend on the private 
sector reaction to the research project. The private sector 

will only adopt the technology resulting from the project 
if the opportunity for commercialization appears to satisfy 

the firm's financial criteria. Thus the government agency 
must anticipate the private sector reaction to the research 
results in making its project selection decision. It is 
this feature of the problem which makes R&D decision-making 
particularly difficult when technology transfer is involved. 

The development of a model that predicts private sector reaction 
is discussed in later sections of thiw paper. 

So far nothing has been said about vncertainty. Uncertainty 
prevades all of the processes mentioned above. There is 
uncertainty over the results of any research project. The 
probability of the project reaching its technological goals 
is a factor in the decision-making process. The private sector 
will carefully consider the risk involved in the commerciali- 
zation process. And further, the government agency is uncertain 
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about the private sector response to research results; i.e. 
how eager will the private sector be to adopt the resulting 
technology. Any decision-making framework developed must 
explicitly deal with the uncertainties inherent in the problem. 

Below we discuss the key elements of a frcunework to describe the 
technology transfer process. Before discussing the development of 
a framework and the key models, a slight diversion will be 
made to answer an important question at this point: why 

should the government perform research leading to technology 
transfer? As well as justifying public sector R&D, the answer 
to this question provides some interesting insights which 
will be useful in the modeling process. 

2.2 Government R&D: Justification 

There are three major reasons to support go\ernment 
funding of R&D activities (Leland, 1977) . A discussion of 
each follows. 

(1) Imperfect Markets 

Economic theoi / indicates that in a competitive 
market economy, operating without government intervention, 
the market will allocate resources in an efficient manner. 

This includes an allocation to risky ventures such as R&D, 
since unregulated capital markets are available to spread risk. 

In reality, market distortions are pervasive. These 
include: monopolies and cartels, taxes, regulation mechanisms 

such as price controls and subsidies, public goods, etc. 

Allocations to risky ventures are particularly hindered by 
distortions. A complete set of markets for sharing risk does 
not exist. Also, capital markets are heavily regulated. The 
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total effect of such distortions is to interfere with the 

efficient allocation of resources. Economic theory shows that 

a common tendency of the distortions listed above is to cause 
underinvestment. In the case of R&D, this means that level 

of R&D being carried out falls below the socially efficient 

level. Public sector R&D may then be justified on the 

grounds that it increases the overall amount of R&D being 

performed and thus increases social welfare. 

(2) R&D Produces Information 

The output of R&D is information. For example, 
one can think of R&D as the production of information pertaining 
to the costs of achieving technological objectives. The infor- 
mation may state how an objective can be met at a lower cost. 

The R&D process may also produce information which reduces the 
uncertainty associated with costs. An interesting insight 
here is that an R&D project may provide information (and 
therefore have value) even if it is "unsuccessful". The project 
may still indicate new directions to be taken in research in 
the future. 

Information is known to be a difficult quantity to deal 
with in an economic framework. Information is a public good: 
it can be used by many parties at the Scime time. A private 
firm vhich produces information through R&D may end up sharing 
information with other firms, leading to lower returns from 
the information. This leads to underinvestment since the 
firm cannot capture the full value of the information produced. 
Patents are an attempt to convert information from a public to 
a private good. However, patents will lead in many cases 
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to market distortions and social inefficiency. Patents may 
lead to information being withheld or to the creation of 
monopolies . 

Government funding of R&D makes the information 
produced widely available. Thus it corrects for underinvest- 
ment, and at the same time avoids the creation of market 
distortions . 

(3) Divergence of Social and Private Risk Attitude 

An argument put forward by Arrow and Lind states 
that the government has a very large portfolio of projects, 
and therefore should behave in a risk neutral manner. Managers 
of private firms on the other hand behave in a risk averse 
manner. Thus the private sector may reject projects as too 
risky that have a positive expected value, and therefore 
would be undertaken by the government. In other words the 
social value of the research exceeds the private value, and 
is sufficiently high to justify the project. 

Even if the Arrow-Lind argument is left aside, the 
difference in discount rates encountered in the public and 
the private sectors indicates that the government may accept 
projects the private sector would reject. The government's 
lower discount rate allows it to underwrite projects which 
are considered too risky by the private sector. 
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Although the above factors may justify government in' olvc- 
ment in R&D, the government should not fund R&D when sufficient 
incentive faces the private sector to induce private firms to 
undertake the project. It may however be the case that while 
the private sector will undertake the research, governmental 
research is required as a supplement to raise the overall 
amount of research to a level which is socially efficient. 

2.3 Approaches to Modeling the Technology Transfer Process 

It is possible to think of the technology transfer process 
in terms of three sub-processes. Below these sub-processes 
are identified, and possible approaches to modeling them are 
discussed. 

(1) The Technological Process 

The first process to be examined is the production 
of research results during the research project. Several models 
for this process have appeared in the literature (Abernathy, 1970; 

Marschak, 1967; Nelson, 1961). In many cases the resulting 
cost of the technology is taken as the outcome variable, and 

uncertainty about the cost is stated as a probability distribution. 

There are several aspects of the technological 
process which could be excunined in some detail. The first 
is the "time-cost" tradeoff: by increasing project funding, 

the time required to complete the research is reduced. This 
introduces the question of timing into the model . Another 
area of interest is the interaction between research projects. 

It is often assumed in the literature that projects art indepen- 
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dent; i.e. the reiults of one project are not influenced by 
the results of other projects being carried out. This assump- 
tion is clearly invalid, and a model which included the inter- 
actions between projects would be desirable. 

The fact that the output of the technological process 

is information suggests the decision analysis concept of "value 

of information" might be applicable. But there is a feature 

of the R&D situation which makes this approach particularly 

interesting. In a decision analysis framework, it is assumed 

the decision-maker can buy information which will assist him 

in making his decision. This will be true in the R&D selection 

decision. The agency can buy information which will aid in 

making the project selection decision. But in the decision 

analysis paradigm information of this type generally is of 

no further value to the decision-maker once the decision has 

been made. However, this is not true in the R&D case. One 
way the agency can purchase information on the decision is 

simply to let the R&D project begin and progress. That is, 

information is being purchased which will be useful after 

the decision has been made. This idea was touched upon by the 

RAND Corporation research on parallel R&D strategies carried 

out in the early 1960's (Nelson, 1961). This concept will 

be explored in more detail. 

(2) The Firm's Implementation Decision 

If public sector R&D is to yield net social benefits 
in a technology transfer environment, it is necessary the 
research results be commercialized by a private firm. Thus 
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the likelihood that the research result will be implemented 
is crucial to determining project viability. It is therefore 
necessary to explicitly model the process by which firms 
evaluate candidate commercialization prospects. 

As a first step, it is necessary to establish which 
financial criteria are most important to the evaluation process. 
Many studies have simply used the discounted cash flow of the 
commercialization venture. It is also necessary to excunine the 
firm's risk attitude, and to model the effects of risk aversion 
on the decision process 

Given a model of the decision-making process of 
private sector firms, it is then necessary to exaunine how 
the results of the government R&D enter into the evaluation 
of the commercialization venture. The output of this model 
will be a measure of the likelihood that the private sector 
will develop the research result. One such measure is the 
"probability of adoption" for the technology being developed 
(see Greenberg, 1977) . 

(3) Benefit Estimation by the Public Sector 

In order to be considered for inclusion in the 
government R&D portfolio, a program must yield net social 
benefits after transfer and commercialization. The estimation 
of benefits in the technology transfer case is simpler than 
benefit evaluation for the more general government R&D situa- 
tion. If we assume the resulting commercial product enters 
the competitive marketplace at a price dictated by supply and 
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demand, then the problem of determining "intangible” benefits 
is largely avoided. This is in contrast to the situation 
where the R&D is performed for say military or space explora- 
tion purposes, where the benefits do not accrue in the market- 
place. If the resulting technology enters a competitive market, 
social benefits cam be calculated based on the change in con- 
sumer surplus and producer surplus. 

The benefit estimation process can be viewed as the 
framework in which all of the other models operate. Both 
the technological process model and the model of the firm's 
implementation decision are inputs to the benefit estimation 
process. The estimated social benefits of the R&D, when 
considered with the program costs, allow the prioritization 
of camdidate R&D projects. 

In the following section a specific model of the technology 
tramsfer process is developed. 

3. A Model of the Technology Transfer Process 

The model provides a framework for the calculation of the 
net social benefit of a government research program when tech- 
nology transfer is involved. In the previous section, the three 
major components of such a framework were discussed. They 
were the technological process, the transfer process (or 
the firm's implementation decision), and the benefit estimation 
(or market impact) process. The model presented here includes 
each of those components, but concentrates on the transfer 
process. The model explicitly considers the decision-making 
process of an individual firm when confronted with a risky venture. 
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3 .1 Overview of tl>e Model 

It is assumed that U.e resecirch results are of interest 
to all of the firms in one and only one market or industry. 

It is ass\imed that the market is competitive, and is at a 
long run equilibrium before the research takes place. It is 
assumed there are no competing innovations currently available 
to the industry. 

The model divides the technology transfer process into 
three distinct time periods. Benefits and costs accrue through 
each phase. The overall net benefits are then determined b> 
aggregating over the three phases with an appropriate social 
discount rate. The phases are: 

i) Phase I (time period T^ through T^) — the research 

is carried out by the government agency, at a cost C. 

ii) Phase II (time period T^ through T 2 ) — firms examine 
amd evaluate the results of the research; some firms 
develop and implement the results, with some means 
of appropriating the benefits of their development 
efforts . 

iii) Phase III (time period T 2 through r^) — the develop- 
ments of the research results from Phase II diffuse to 
firms not originally involved in the development 
efforts, leading to a new market equilibrium and 
resulting benefits in terms of consumer surplus. 
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The models for each phase of the process are described 
below. However, we first examine the original market setting, 
before the research takes place. 

3.2 The Market Setting Before Innovation 

It is assumed the industry is made up of n firms, which are 
identical, except as detailed below. The long-run market 
equilibrium before any innovation is described in Fig. 3-1. The 
demand curve ABC is linear and does not change with time. The 
long-run supply curve is horizontal at the price p^, and each 
firm produces a quantity q^. Since the market has reached a 
long-run equilibriuI^, the number of firms will be such that the 
profit accruing to each firm is zero. Since profits are zero, 
the total social surplus is represented by consximer surplus, 
which is represented by the area ABD in the diagram. 

For ease of mathematical manipulation, it is assumed that 
the cost function of each firm is quadratic, and is given by: 

/-A OL >o^ 4, > O 

If each firm has the Scune cost function, the average cost will 
equal the marginal cost at production quantity q^ in a long-run 
equilibrium, and both will equal the market price p^ . 

3.3 Phase I — The Research Process 

During Phase I the research ^^roject is carried out by the 

% 

government agency. During that time, it is assumed the market 
continues to operate at the original equilibrium. 

As stated in the previous section, many models of the 
research process appear in the literature. For the purposes of this 
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research, we have not explicitly modeled the process, but have 
instead adopted a simple description of the output of the 
process, as described below. Further, we have assumed all 
research projects are independent (i.e. the success or failure 
of one project does not affect the outcome of other projects) . 

The output of the research project is information^ the 
information produced may take on many fonns. In an applied 
research or development project, the information may relate 
to some particular aspect of a production process. We will be 
more general and assume only that the output is information 
which is potentially useful to the industry and can be summarized 
by the information state Z. 

The resulting information state Z will be revealed at 
the end of Phase I, at time Tj^, and will be available to the 
firms before their implementation decisions are made. However, 
for the purposes of the evaluation of the project benefits, 
which is presumably being carried out before Phase I begins, Z 
is not known with certainty. The uncertainty can be described 
by the probability distribution J on Z. Since Z is uncertain, 
all the assessments made in evaluating Phases II and III will 
be conditional on Z. This conditionality will be temoorarily 
suppressed for notational convenience, but will be re-introduced 
before the final benefit calculation is made. 

Finally, the government incurs a cost for conducting the 

research. We l*t the total cost be C, and assume it is incurred 

at time T . 

o 
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3.3 Phase T l — The Transfer Process 

Phase II takes place from time to time ? 2 . At 

the result of the government research project, Z, is made 
available to the industry. (Patent and license issues are 
discussed below) . 

It is assumed the eventual use of the research results 
will be to improve the production process of the industry. 

In some cases the results of the research will be immediately 
applicable to the production process, with no further development 
required. More often however, it will be necessary for a firm 
wishing to use the results to undertake development efforts 
to make the results applicabl.' to its production process. The 
level of success of the development process is itself an un- 
certainty, and therefore implementation of the innovation presents 
a risk to the firm. Each firm will evaluate the risks involved 
and made a decision on whether to implement the innovation. 

The process by which firms make implementation decisions in 
reality is often complex and varies widely from firm Lo firm. 

In constructing this model, four factors affecting the decision- 
making process of the firm have been considered: 

the financial criteria employed ny the firm 
the risk attitude of the firm's management 
the firm's cost of capital 

the firm's ability to appropriate the benefits of its 
development efforts 
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For the purpose cf the model, profit will be used as the 
sole financial criterion on which decisions werv® made. An 
expanded and more complex version of the model might also in- 
clude cash flows, indebtedness, etc. 

Risk attitude will be incorporated by assuming each firm 
makes decisions based on the "certain equivalent" of profits 
as determined by applying an exponential utility function to 
the firm's profit flow. Risk attitude will be the only 
attribute which is assumed to vary between the firms in the 
industry. The variation will be in represented terms of the 
risk aversion coefficient of the firm's utility function. It 
will be assumed all of the firms are risk averse. 

The cost of capital, which will appear as the discount 
factor used by the firms, will be taken to be the same for each 
firm in the industry. An extended version of the model could 
allow for different costs of capital for different firms. 

Finally, the firm's decision-making i.*" influenced by 
its ability to appropriate the benefits of its development 
efforts. To begin, and as a slight aside we assume the govern- 
ment charges no royalty fees for the use of its innovations 
(assuming they have been patented) , and :ilso does not grant 
exclusive licenses. Both of these actions appear to be con- 
sistent with maximizing social welfare. It can be shown 
royalty fees lead to a deadweight loss to the consumer (see 
Nordhaus, 1967). Exclusive licenses can lead to monopolistic 
behavior. However it should be noted in reality there may be 
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j ast if ication for both government royalty fees and exclusive 
licenses. Royalty fees allow the agency to recoup expenses 
directly which may be valuable to the agency politically. 

Exclusive licenses may act as a further encouragement to 
implementation by the private sector for particularly risky 
ventures . 

Despite the fact it cannot obtain an exclusive license 
to the use of the basic innovation, a firm in general can 
appropriate at least some of the benefits of development. 

First it may be able to develop the basic idea to a point where 
the firm itself can apply for a patent. Even if it cannot 
obtain a patent, a firm may be able to protect its ideas by 
keeping them secret, or by simply by being the first to intro- 
duce them and thus increase its share of the market. In any 
case, the competitive advantage afforded by successful develop- 
ment will eventually vanish as the idea diffuses to the other 
firms in the industry. 

The model developed here assumes that each firm undertaking 
development does so independently, and can maintain exclusive 
rights t, tne use of its resulting production processes throughout 
Phase II. It is further assumed that any firm undertaking 
development is constrained to use the resulting process, even 
if it turns out tc be inferior to the original industry-wide 
process. Thus the firms undertaking development may make 
positive or negative profits, depending on the success of 
their development efforts. No other firm can adopt the firm's 
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process until the beginning of Phase III. At the beginning of 
Phase III all exclusive rights vanish, and the entire industry 
moves to the best production process developed during Phase II. 
Thus in Phase III the market will move to a new zero-profit 
equilibrium. 

We now make a series of assumptions which allow us to 
look at the implementation decision quantitatively. First, 
it is assumed that each firm is constrained to continue pro- 
ducing the quantity q^ throughout Phase II, regardless of 
whether its profits are positive, zero or negative. Therefore 
the total quantity supplied in Phase II is unchanged, and the 
market price remains at p^. 

Secondly, it is assumed that all benefits and costs due 
to development are reflected only in the parameter a of the 
firms' cost function. Firms not undertaking development con- 
tinue to experience the parameter value a^. Firms undertaking 
development each move independently to a new value of a, which 
may be either less than or greater than a^. The probability 
distributions on the final value of a for each firm undertaking 
development are assumed to be identical, and have a normal 
distribution: 

^ d- ^ ^ l^ormol C O. ) ^ ) 


where oL-kdo 0<k<l 

Each firm i undertaking development can be considered to select 
from the distribution on a, and is constrained to 


a value a. 

1 


The removal of this assumption greatly complicates the analysis 
as does assuming firms will leave the market if the profits^are' 
author'"^* this type are being developed by the 
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retain that value throughout Phase II. Firms not implementing 


retain the parameter a^ and continue to make profits of zero. 

On the other hand, for firm i which does undertake development, 

the instantaneous profit rate is: 

TT . (t) = Revenue - TC {q ) 

" 1 o 

2 . 

=pq -a.q -b 
^ 0^0 1^0 

Since in the zero profit case: 

2 

pq - aq -b«»0 
*^ 0^0 0^0 


we have : 


-rTj(t) = (a^-a.) q^' 


( 1 ) 


We note thatTT^(t) can be either positive or negative, depending 
on the value of a^. 

The firm will make its implementation decision on the basis 
of the present value of profits over the length of Phase II. 

-TTc = 

■'t, 

where r is the cost of capital to the industry. Substituting 


(1) into the above we hav^: 

77: =/" 9o 

• t ^ 

a 


a/i 


{ ao 


( 2 ) 


Since a^ has a normal distribution, TT ^ also has a normal 


distribution: 

[n:] -Normal I (o,.- &)(e -= Jy "TT ' * ' 


distr ibut ion : 

^ ^ Ti Q .% / _rT) 

e. — ^ ) <f 

The decision by firm i of whether to iiTiplement will be 
based on a comparison of the uncertain profits described by 
YTi 'I if if imolements, to the certain profits of zero if 
it does not. The decision will depend on the firm's risk 
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attitude. If we assume firm i has risk aversion coefficient /. 
in its exponential utility function, we can compare its certain 
equivalent on profits if it implements to a certain equivalent of 
zero if it does not. For a normal distribution, the certain 
equivalent for an exponential utility function can be described 
by a closed form expression (Howard, 1977). Thus: 


(a 

r V 




The firm will implement if: 

CE ( tTx) ^ = 0 


(5) 


or, using (4) and (5) 


( ao - «> ) 



Given a firm's risk aversion coefficient V., we can use 
(6) to determine whether the firm will implement the innovation. 
Generally, the firms within an industry will exhibit a range of 
risk attitudes, and thus different values of . As a simple 
example, if the distribution of risk aversion coefficients 
in the industry is described by Figure 4.2, one can determine the 
fraction of firms in the industry that will implement. If m 
is the number of firms that implement, the fraction implementing is: 



where again n is the number of firms in the industry. 
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Fig. 4.2 


The Range of Risk Attitudes for the 
Firms in the Market 
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We first note that if the right hand side of equation (6) 
is less than , then no firms undertake development. This 

means that the government research will have no effect on the 
industry. If technology transfer was the sole objective of the 
research program, the evaluation of the project will yield a 
net loss equal to the cost of the project. 

Assuming now that the right hand side of (6) falls 
between equation (7) can be examined to ensure it 

behaves as expected. First, ve note that if "a, the expected 
value of for the implementing firms, decreases, indicating 
even greater production improvements are expected, the fraction 
of firms implementing increases. If on the other hand the variance 
cr^ of a^ increases, indicating there is more uncertainty in 
the development process, the fraction of firms implementing 
decreases . 

An increase in indicating the length of Phase II has 

increased, leads to a decrease in the fraction of firms 
implementing. This result seems incorrect at first glance, 
and may in fact be due to peculiarity of the model. One would 
expect that as the time period over which the firm has exclusive 
rights to its new production process is increased, more firms 
would develop the innovation. The result derived from (7) is 
due to the fact that the model constrains firms which implement 
to continue to produce with cost parameter a^, even if the value 
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of exceeds a^. Thus the possibility of an increase ii. 

cumulative net losses as V increases more than offsets the 

possible increases in c\imulative profits, since the firms are 

2 

all risk-averse. 

The effect of a change in r, the cost of capital, is 
difficult to determine directly from (7) . It is also not 
directly evident what the result should be. In reality, a 
higher cost of capital would tend to reduce implementation if 
borrowing was involved. Within the confines of the model 
however, the effect of an increase in r is unclear. This 
matter will be examined in more detail in the near future. 

Finally, the effect of can be noted. An increase in 
indicates an increase in the average risk aversion of the 
industry, leading as expected to a reduction in the number of 
firms implementing. 

We can now calculate the overall benefit level in Phase 
II. Since the market price has not changed during Phase II, 
consumer surplus has not chcuiged; the change in social surplus 
is equal to the total profits during Phase II. For simplicity 
we will assume a social utility function which allows us to work 
with expected values. Since firms not undertaking development 
accrued zero profits, we need only consider the m firms 
which undertook development. 

A SS = E ( £-, ■^*'1 
= Z. E CitJ 

A. • 1 

2 This problem could be eliminated by formulating a fourth phase 
of the model, which would occur betwpen Phase II and III. The 
new phase would be the same as Phase II, except each firm has 
the option of returning to the cost parameter a if a. exceeds 
a for that firm. This additional feature is iScludei in the 
f8rm of the model used in Section 4. 
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We note risk aversion does not enter into this calculation. 
Therefore all firms implementing have the same expected value of 
profits in Phase II. For the calculation of social surplus, 
the industry cost of the capital r is replaced by the social 
discount rate s. Therefore: 


ss 


rv> E C 


( 8 ) 


3.4 Phase III — The Market Impact 

Phase III takes place over the time period T 2 to T^- At 
time T 2 » it is assumed all rights to production process informa- 
tion developed by individual firms during Phase II disappear. 

All available information diffuses instantaneously to all firms 
in the industry, and to firms considering entry into the 
industry. Since all the information generated in Phase II 
related to lowering the cost parameter a, the lowest value of a 

discovered in Phase II, which we will label a , becomes known 

m 

to all firms. We assume all firms move to the use of this 
parameter immediately and costlessly. 

The probability distribution on a^ can be deteirmined at 
the time of evaluation from the distribution j the 
parcimeter a.. The distribution on a is derived as the dis- 
tribution on the minimum value of a. taken on by the m firms 
implementing the technology. For purpose of this paper, we will 
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not use an analytic expression for the distribution on a^, but 
instead we will describe it simply as: 

{“ml” } 

where the conditionality denotes that the distribution depends 
on m, the number of firms implementing. We further assume that 

< 0 

that is, the mean of the distribution on a decreases as m 

m 

increases. This means that if more firms decide to implement in 
Phase II, the resulting cost function of the industry in Phase III 
will be lower for any value of q. 

The industry cost function in Phase III is therefore: 

TC (q) = a^^q^ + b 

If in the long-run firms can enter and leave the market, 

profits will once again be driven to the zero level, but at a 

new equilibrium production quantity q^. The new quantity q^^ 

will be the level at which the average cost of production: 

AC (q) = a q + 
m 

is minimized. That is: 



is the optimal production quantity in Phase III. 
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At quantity q^, the new average cost, AC^, will be: 

la 

= 2 (a„b)'“ (9) 

m 

The probability distribution of AC^ can be derived as a 

transformation of the distribution cn a (see Howard, 1977) . 

m 

Again we represent the resulting distribution simply as: 

[aCi I m ] 

noting the distribution depends explicitly on m. We expect 

-^E(AC^l-) < O 

Thus as the number of firms implementing increases, the average 
cost car. be expected to decline. Since the average cost equals 
market price, price also declines. 

Since profits to individual firms return to zero in Phase II, 
the net change in social surplus will be the increase in consumer 
surplus due to the reduction of the market price. The expected 
value of the one-period increase in consumer surplus is shown 
in Fig. 3 -3 .Discounting at the social discount rate s, the 
expected value of the change in social surplus in Phase III can 

% 

be calculated. Letting D(p) describe the demand at price p, it is: 

ass= I 

-/- S )] [ [)(t (flC,/.,))- <^„]j (10) 
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Overall Calculation of Net Benefits 
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The total net benefits from the government R&D project 
can be determined simply by summing the net benefits over the 
three phases. That is, we sum over equations (8) and (10) and 
subtract the cost of the project C incurred at time T^. The 
total charge in social surplus is: 

ASS« m ^ j 

[ [p'C.- ECftc.un %• 

j ^ D ( E ( RC 1 1 !>')) ~ 


However, as was stated initially, all of the probability 
assessments made in Phases II and III were based implicitly 
on a specific research outcome Z occurring at T^^. To make this 
explicit, we rewrite the left-hand side of equation (11) as: 

A SS ( z) 

Therefore, the overall net social benefits should be 
calculated by weighting the outcome of equation (11) for each 
value of Z by use of the probability distribution on Z. 
Therefore : 

aSS* / ^SS(-z)[z} dz 

al\ X 


( 12 ) 
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4. Modeling the Impact of Selected Policy Options 
4.1 Introduction 

This section uses the model developed above to analyze 
the impact of various policy options on technology transfer. 

The model will be used to determine the level of development 
and commercialization that will occur under a given policy, 
in terms of the fraction of the firms in a given industry 
that will undertedce development of a specific research result. 

It should be noted that an increase in innovative activity 
is only aui intermediate measure of benefit. The social benefits 
of increased innovation occur in many forms, including increased 
consumer and producer benefits in domestic markets, international 
competitiveness of products and the improvement of balance of pay- 
ments, productivity improvements, etc. Although it is possible 

to use the model to measure at least the first of these factors, 
the increase in the level of innovation due to a policy will 

used as the measure of benefits. 

For purposes of analytic tractability , an example is developed 
froui the model, and is used to perform the analysis. Because 
the form used is only an excunple, and tne data is illustrative, 
the main result is to demonstrate the model's ability to describe 
technology transfer, and its potential usefulness as a policy 
analysis tool. 

Seven policy areas are analyzed. They are: 
i) adjustment of corporate taxation policies 
ii) subsidies 

iiij direct government funding of development 
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iv) capital market regulation 

v) patent life 

vi) government provision of development assistance 

vii) encouragement of cross licensing. 

4.2 A Specific Form of the Model 

For purposes of amalytic tractability , an example has been 

developed from the model presented earlier for use in this 

section. The main change is that the example uses a discrete 

distribution on the cost parameter, rather than a continuous 

distribution. The simpler form of the exaunple has made it 

possible to make several improvements in the model 

Figure 4-1 depicts the development decision of a specific 

firm. Given development, three possible values of the cost 

parameter a. could result: k.a , ^ , and k- a^, where a_ is the 

^ 1 lOOJO o 

current value of the parameter a^, and : 

k, > I i 0< kj < I 

The three possibilities correspond to, respectively, an unsuccessfu 
development effort, an effort that causes no change from the 
status quo, and a successful effort. The corresponding proba- 
bilities esitimates are p^ , P 2 , and p^. 
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Previously, it was assumed in the model that if a firm 
undertook development, it was constrained to the resulting value 
of a^ throughout Phase II. Thus even if the new parameter was 
higher than the old one, leading to negative profits, the firm 
cculd not return to the old process. Here it is assumed instead 
that the firm is constrained only to produce at the new parameter 
from time (the beginning of Phase II) to an intermediate 
point, time Tj* At time T 2 / the firm may revert to the original 
parameter a^ if it is more profitable to do so. The firm then 
continues to produce until the end of Phase II, at time T.^ . 

We will refer to Tj as the development time, and T^ as the patent 
life; i.e., the time during which the firm has exclusive rights 
to the development. ^ 

The profit rates for each outcome are shown on the right 
side of Figure 4-1. The profit rate is calculated from a^ as: • 

TTx (t) - (a -a.)<? 

o 1 o 

2 

For convenience we let a q equal one. 

00 ^ 

The additional variables chown in Figure 1 are defined as 
follows ; 

T = corporate tax rata; note it applies only to firms 
with positive profits 

S = rate of general subsidies (e.g., tax write-offs) to 

unsuccessful firms; i.e., firms with negative profits 

3 Note that T 2 and T^ as used in this section do not correspond 
to T 2 and T^ in Section 3. The author apoligizes for this 

inconsistency . 
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K » level of direct government funding of development; 
applies regardless of the development outcome, and 
is paid at end of Phase II. 

The future value of the profit stream for each outcome is 
shown on the far right of Figure4-1. The discount rates r^^ and 
r^ are used to distinguish between the cost of capital for 
borrowing and for lending or reinvestment. 

The utility function for firm i is taken to have the form: 


u(x) * -e 




where is the firm's risk aversion coefficient. The certain 

equivalent for the "develop" and the "not develop" alternatives 
can then be computed. For "not develop": 




Nt> 


- — C. 


= -/ 


For the "develop" alternative: 




03 


where : 


F,-- 

* I 


The firm will decide to develop if: 
C I B ^ ^ NO 


or, 


p, 4- p.» e 4- Pj e s 




04 } 



Fig.4-i. The Firm's Development Decision 
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Wo dofino it m.tximum risk aversion coefficient J , which is 

m 

the Ivtrqost value ^ ^ can take on and satisfy equation (14) . 

Firms havinq a value below will choose to develop; firms 
with a value y. above X are more risk averse and will decide 
aqainst devolopinq. 

It will be assumed that the distribution of risk aversion 
coefficients in the industry is as described in Fiqure 4-2. 

Given y , one can then determine f, the fraction of firms in 
the industry that will implement. If ^ lies to the left of 
f will equal zero; all of the firms are too risk averse to under- 
take development. If X lies to the riqht of ^ , all firms 
will undertake development. Finally wo have: 


f 





if 






(15) 


UnfOl Lar.ately , a closed form expression for cannot 

be developed from equation (14). Fquation (14) can, however, be 
solved nvimerically tor The lack of a closed form expression 

hampers the level of analysis that can be performed. Rather than 
makinq comp.irat ive statics analyses of the policy variables, 
liypot het 1 ca I vlata will be used so that sensitivity analyses can 
be performed. These sliould i^le a considerable amount of 

uisiqht into tlie b«'liavior ot t lie model with respect to the policy 
options. lUiwever, since the data is hypot het ica I , the results 
are intended fot illustrative purposes only. 
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4.3 Analysis of Policy Areas 

The model, in the form specified in the last section, can 
be used to analyze the effect of a range of policy options. In 
this section, seven policy areas are examined. They are; 
corporate taxation policies 
subsidies 

direct funding of development 
capital rate regulation 
patent life 

provision of development assistance 
encouragement of cross licensing. 

This list in no way represents a.'.l of the policy options 
available; there are many others (see Holloman et al., 1979). 
Also, we have not considered any of the many combinations of the 
above options, although these could easily be analyzed with the 
present form of the model. 

In each policy area, the effect of policy will be measured 
in terms of its impact on the maximum risk aversion co- 

efficient, and f, the fraction of firms in the industry which 
undertake development. 

Before examining the policy areas, a "base case" must be 
constructed . 
a) Base Case 

The first step is to select data for a base case. The 
values assigned to the model parameters are shown in Figure 4-3. 
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Fig. 4. 3. Base Case Data 
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Using this data, equation (14) is solved for 

X , yielding: 
m 

X = .493 

m 

Thus a firm with a risk aversion coefficient ^ below .493 
would elect to develop; a firm with a value of above .493 

would not develop. From equation (15) and the data in Figure 4-3. 
we find: 

f = .493 

That is, given the probability distribution on the cost parauneter 
a^ specified in Figure 49% of the firms in the industry can be 
expected to undertake development. 

b) Taxation 

The first policy option is to provide tax provisions for 
firms undertaking development. The most common form of this is 
through investment tax credits. Another alternative, which is 
considered here, is simply to adjust the corporate tax rate for 
these firms. 

Figure 4-4shows the effect on X and f as T is shifted from 

m 

its base value of 48%. As expected, ^ increases monotonically 
as T declines. The effect of reducing the tax rate below 48% 
appears to be very limited however. 
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The cost to the government of a teix rate reduction can be 
calculated directly. The expected cost per firm over the period 
Tj^ to T 2 will be 




0<T^ 1 


with a ragative cost corresponding to increased revenues. The 
result is plotted as a function of T in Figure 4-4. 


c) Subsidies 

The variable S represents a government subsidy to firms 
that accrue negative profits as a result of development. Tax 
write-offs and loss carry-forwards can be considered to be 
examples of such subsidies. In the model, we simply assume that 
the government absorbs a fraction S of the firm's loss, if one 
occurs . 

Figure 4-5 shows the effect on Y and f as S is shifted 

m 

from its base setting of .50. We see increase monotonically 

as S increases. As S approaches 1.0, the impact is, as expected, 
very large. At that point the government is absorbing all of the 
risk of development, so there is a great incentive to develop. 

In the example, 100% of the firms will develop if S is equal to 
or greater than .7. Because this is a sample data, it is difficult 
to draw conclusions about the relative effect of subsidies and 
taxation policies. This would, however, be an interesting area 
for further study. 
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Again, iw is straightforward to calculate the cost to the 
government of the program. The expected cost per firm undertaking 
development would be : 

(S) = -p. (1-k. )SF, 
s 111 

A plot of C (S) versus S appears in Figure 4-5. 

d) Direct Funding of Development 

Another government option is to fund, fully or partially, 

development of research results derived from governmenc projects. 

We assume here that the government funds the research by paying 

a direct subsidy to each firm undertaking development, independent 

of the firm's actual cost of development. In the model, this 

subsidy is represented as the quantity K, and is assumed to be 

paid at the end of Phase II. There are of course numerous other 

forms of direct funding, and ways of modeling it. 

Figure 4-6 shows the behavior of ^ and f as K is increased 

m 

from its base value of zero. The direction of effect is as 

expected: as the subsidy increases, so do and f. In fact, 

there is a linear relationship between K and ^ , which is due 

m 

to the use of an exponential utility function in the model. 

The cost of direct funding is simply K per firm undertaking 


development. 


H. 
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Fig. 4-6 Impact of Direct Funding of Development 
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e) Capital Rate Regulation 

The financing of investment is not treated in detail in the 
model. However, a simple analysis of the effect of changes in 
capital rates can be performed. The model assumes that firms 
making positive profits have internal reinvestment opportunities, 
with a rate of return r2* Firms accruing negative profits are 
assumed to be completely debt financed, with a borrowing rate r^^. 
Since there is government involvement in capital rate regulation, 
it is interesting to explore the effect of varying r^. Figure 4-7. 
shows the effect of varying from .1 to .3. As r^^ increases 
y ^ and f decline, but the effect is not particularly great. 

Government regulation of rates of return in regulated 
industries is a policy area that could be examined with an ex- 
panded version of the model. 

f) Patent Length 

The model assumes that a firm achieving a successful develop- 
ment result can maintain exclusive rights to the result throughout 
Phase II. This protection need not take the form of a pat r • for 
example, long lead times required for duplication by the competition 
may be just as effective (see Dunn, 1979). However, we can think 
of this protection being afforded by a patent. By varying T^, we 
can excimine the impact of increasing or decreasing patent life. 

The result is shown in Figure 4-8. As would expected, as the patent 
life increases, the incentive to innovate increases. The marginal 
impact of increasing patent life seems to decline rapidly after a 
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Fig. 4-8. Impact of Patent Life 
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certain point. In general, the results seem to be surprisingly 
insensitive to changes in patent life. 

Although increasing patent life would increase innovation, 
there are offsetting welfare costs. More complete analysis of 
the welfare effects of patents is needed before conclusions 
about optimal patent life can be drawn (see Nordhaus, 1967). 

g) Development Assistance 

The term development assistance is admittedly vague; it 
includes government programs such as demonstration projects, 
technical information services, market information services, etc. 

There are several ways the effects of such programs could 
be represented in the model. Three of those are changing the 
probabilities of the various outcomes (p^^/ P 2 » P 3 ) » changing the 
level of technical achievement (k^, k^) , and changing T 2 , the 
development time before an unsuccessful effort can be detected 
and discarded. For the sake of illustration, we will analyze the 
first and the third form. 

Figure 4-9 shows the effect a? p^, the probability of a 
successful development effort, increases, while p^ and P 2 decline 
proportionally. This is just one possible sensitivity run on 
the probabilities. It represents increased confidence in the 
success of the development effort. We note that when p^ reaches 
the level . 8 , all of the firms undertake development. 

Increasing T 2 , the development time, could be accomplished 
in several ways. Government demonstration projects are one 
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Fig. 4-9. Impact of Changing the 

Probability of Successful 
Development, 
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example. Figure 4-10 shows the impact on and f as T 2 is 

varied around its base value of 3 . 

h) Encouragement of Cross Licensing 

Cross licensing is a modification to standard patent and 
licensing procedures. Cross licensing is an agreement among a 
group of firms to share the rights to future inventions by any 
member of the group. Although there is some question as to the 
effect of cross licensing on free competition (and especially 
on new firms attempting to enter a market) , it is widely used 
in some industries at this time (see Dunn, 1979) . 

The model can be modified to consider the effects of cross 
licensing. It is assumed that a firm has exclusive rights to 
its invention during the first part of Phase II, while development 
is taking place (from to T 2 ) . Between time T 2 and in 
Phase II, the invention is shared with the parties to the cross 
licensing agreement. 

Below, we modify the model to consider a form of cross 
licensing between n firms in the industry, and measure the 
effect on innovation as n changes. It must be pointed out, 
however, that the modified model does not explicitly consider 
the individual firm's decision to enter into a cross licensing 
agreement. There is a large cost to such an agreement; a 
major innovation that would allow the firm to substantially 
increase its market share and profit in absence of an agreement, 
must, under the agreement, be shared with a number of other firms. 
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Given a particular firm (which we will label Firm 1) has 
entered into a cross licensing agreement with n other firms, 
we can examine its decision to undertake development of a research 
result. We assume all (n + 1) firms in the agreement have the 
same risk aversion coefficient, so each will make the same 
development decision (this assumption is not essential) . 

Figure 4-11 outlir. the elements of the development 
decision. During the first part of Phase II, each firm indepen- 
dently develops the research result, as in the original model. 
Again we assume one of three outcomes for the cost function 

parameter a. is achieved: k.a , a , or k,a . Thus the prob- 

1 i O O J o 

abilities and profit rates in the first part of the phase are 
the same as in the original model. Under cross-licensing, in 
the second part of Phase II, each firm either stays with its 
production process if it is the best developed, or moves to a 
process developed by one of the other n firms. The probability 
distribution on the best collective result of the other n firms 
will depend on n, as follows: 

P(k^a^| n) = p^^ 

P(a^l n) = (I-P 3 )'" -p^'^ 

P(k 3 a^l n) = 1 - ( 1 -P 3 )’^ 

The resulting profit lotteries are shown on Figure 11. For 
simplicity is has been assumed that is zero and r^^ equals r 2 . 
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The certain equivalent for development is: 

CE.-p.LPCk.a.Ih) + P(o.U)] 

4- pa(^P(L, a«\»') ^ P(aolvn|^c 


(16) 


The firm will undertake development if: 

= 


-1 


Equation (16) can be solved numerically to yield ^ the 

maximum risk aversion coefficient for development, for any value 

of n. From we can also calculate f, the fraction of firms 
m 

implementing, in the normal way. 

The results for X and f for values of n between 0 and 4 

“ m 

are shown in Figure 4-12. The value of and f grows as n is 
increased. The effect is simply one of risk-sharing; the potential 
payoff has been increased. As stated above, there was an attending 
cost incurred by the firm when it entered the agreement. However 
given the firms are willing to enter the agreement, it is 
apparent a cross licensing arrangement will increase the overall 
level of innovative activity. 
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Finns in the Cross Licensing 
Agreement 



76 


VOLUME I, PART 1 1. A 


5. Conclusions 

Moving from a general frcunework for the analysis of the 
technology transfer process, we have developed a preliminary 
economic model of the process. The reactions of the firms to 
commercialization opportunities, and the resulting effects in 
terms of social surplus, have been excunined. The model has 
also allowed us to analyze a series of policy options relating 
to technology transfer. 

The model could be improved in several ways. Further 
analytic developments, particularly in "Phase III" of the 
model, would be desirable, as would the elimination of several 
restrictive assumptions. A dynamic version of the model would 
bring it much closer to being a sound analytic tool, suitable 
for application to an actual technology transfer environment. 
Also, financial criteria besides profit that play a major role 
in the firm's development decision could be introduced, and a 
more thorough representation of the effects of capital avail- 
ability could be included. 
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Abstract 


This papar addresses the effects of present and proposed federal 
patent policies on the procfiss of technology transfer and the coosierclal- 
ication of inventions resulting from federally sponsored research. 

The functloa of the patent system in government research and the 
value of patents resulting from government sponsored research are 
examined. 

Three alternative patent pollcles—tltle in the contractor, title in 
the government, and the waiver policy — are analyzed in terms of their 
effects on the commercialization of inventions, industrial competition, 
disclosure of inventions, participation of research contractors and 
administrative costs. 

Efforts to reform the present government patent policy ar<s also 
described. 
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ABSTRACT 

This paper addresses the effects of present and proposed 
Government patent policies on the process of tecnnology trans- 
fer and the commercialization of inventions resulting from 
Government sponsored rt search. 

The function of the patent system in Government research 
and the value of patents resulting from Government sponsored 
research ai •» examined. 

Three alternative patent policies--title in the 
contractor, title in the Government, and the waiver policy — 
are examined in terms of their effects on the commercializa- 
tion of inventions, industrial competition, disclosure of 
inventions, participation of research contractors and admin- 
istrative costs. 

Efforts to reform the present Goverament patent policy 
are also described. 
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Introduction 

The problems with the present patent policy for federally 
funded R&D — (1) lack of uniformity in- individual agency 
policies, and (2) a very low rate of commercialization — are 
fairly well agreed upon, but which approach offers the best 
solution is still being debated with the same arguments as in 
1949. But the following factors point to an increasing mo- 
mentum towards some means of resolution: 

— the growing concern and the resulting administrative 
domestic policy review over the declining rate of 
U.S. technological innovation; 

— the recent presidential proposal for a uniform 
Government patent policy allowing contractors to 
retain exclusive licenses to resulting inventions; and 
--the introduction of four bills during the 96th Congress 
dealing exclusively with the Government's patent policy. 
The present movement in Congress to reform the Government's 
Patent Policy has been a long and slow moving process. Present 
efforts to establish a uniform policy date back to the rapid 
build up of government sponsored research during the second 
world war. Congressional patent policy guidance since that 
time hcs oscillated between a policy where the Government ob- 
tains title *-.o all inventions arising from Government research 
contracts (the "title policy") and a policy where the contractor 
retains the title to such inventions while the Government ob- 
tains a paid-up, irrevocable license to use the invention 
(the "license policy"). 
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The Carter administration recently announced its proposed 
Government patent policy which would allow small businesses 
and non-profit corporations to retain title to resulting in- 
ventions while allowing large corporations the right to obtain 
only an exclusive license to resulting inventions and only 
within a designated "field of use." This proposal is currently 
only a recommendation and has not been issued as a binding 
executive order. 

There are two distinct views of the function of the 
patent system — as a reward for an inventor's creativity or as 
an incentive for the creation, development and commerciali- 
zation of inventions. This paper addresses only the latter 
since it is this function that is important in the process of 
technology utilization. 

The patent system was adopted in the United States to 
"promote the progress of science and the useful arts. ■•[1] It 
accomplishes this function by providing the inventor with an 
exclusive right (in essence a property right) to the use of 
his invention. The patent system attempts to thereby en- 
courage inventiveness, development and commercialization of 
inventions and the reporting of new inventions and hence the 
widespread public availability of new technological ideas. 

Thera are two interpretations of the incentive function 
of the patent system; first, that the patent increases the 
incentives for people to invent socially useful (i.e., profitable) 
patentable technologies and that it also increases the in- 
centives to develop, test and mar)cet (i.e., commercialize) 
these inventions. 
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Outside of Government sponsored research, the patent 
system's influence cn calculated profit may direct the in- 
ventor's activity into channels of general usefulness. [ 2 ] 

But under Government research contracts, where the area and 
amount of research are fairly well-defined prior to the 
research, the major determinant of the number of useful 
inventions is the quality of the researchers sponsored and 
the level of Government funding. The ability of a contractor 
or sp‘'cific invenLor to obtain the patent rights to the 
resulting inventions is unlikely to greatly alter the type or 
quality of the research. 

The more important incentive provided by patents in 
Government sponsored research is the incentive for the patent 
recipient to promote or perform the invention's commerciali- 
zation and thus reap the benefits offered by the patent rights. 
This function has also been called the prospect function [ 3 ], 
since it is closely analogous to the American mineral claim 
system or homesteading system on public lands. The function 
of each is to promote the utilization of an otherwise public 
resource at an efficient rate which maximizes the amount of 
the social benefits produced. 

This argument rests upon the assumptions that the $30 
billion of Government sponsored research produces patentable 
inventions that have social value and that the ability of an 
inventor to capture a larger share of the invention's social 
benefits as profits increases the probability of the invention's 
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commercialization. Since social benefits are the sum of 
producer and consumer surplus, the profits made by the in- 
ventor still are a benefit to society. Viewed in this way, 
if a license policy increases the probability that a socially 
useful invention will be made commercially available as com- 
pared to a title policy, then it results in greater social 
benefits and should therefore be preferred. Therefore, the 
claim that a license policy is a "giveaway" of public property 
seems unreasonable although part of the social benefits will 
temporarily be in the form of private profits. 

The two primary arguments against the incentive function 
are that patents are only a minor inducement to private firms 
to develop and commercialize inventions in comparison to factors 
such as the expected commercial value of the invention, and 
the cost of developing the invention; and secondly that any 
social benefits resulting from the patent system are outweighed 
by the costs resulting from the dislocation of resources caused 
by the patent system. 

The dislocation costs refer to the outputs lost when 
resources are diverted to the inventing of patentable ideas from 
their previous use. 

"insofar as inducement (to inventive activity) is 
furnished only by the expectation of a patent 

monopoly, a diversion of resources takes place and i 

other production is foregone. What grounds are 

there for concluding that the output induced by 

this type of monopoly has any greater claim to 

be regarded as 'generally useful' than that which 

would have been induced in its absence by the open 

markat?" [4] 
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The Value of Patents Resulting from Government Sponsored 
Research 

There are a number of misconceptions regarding the number 
and value of the patents resulting from Government funded 
research which have traditionally overestimated both the num- 
ber and the value of these patents. As an example, there were 
.41 inventions per million dollars of NASA research, funded 
in 1978 (NASA R&D expenditures in 1978 = $3,011 billion, 

1978 invention disclosures = 1239). There were .074 inventions 
on which patent applications were filed per million dollars 
of research and .044 inventions on which patents were granted 
(assuming the Patent Office's historical .6 ratio of patents 
granted to applications filed) per million dollars of research. 

From this small number of patented inventions different 
studies have shown that from 1-20% of these will be commercially 
used and even a smaller number will yield any income. 

The incomes yielded from those commercialized have usually 
been quite moderate. Therefore the expected value of the 
patentable inventions resulting from NASA sponsored research 
has been quite low. Similar results can also be found in 
private firms, Research Corporation, and others although 
the rates of both disclosure per dollar of research and com- 
mercialization of inventions disclosed have been somewhat higher. 

Therefore, the claims that Government contractors that 
obtain patent rights may make millions of dollars is not 
supported in fact. Nor is the claim that tne Government 
ownership of rights to inventions results in multimillion 
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dollar losses. But this is not to say that patent rights do 
not provide a relatively important incentive to private 
firms to commercialize these inventions. This relatively 
high perceived value of this incentive can be seen in the very 
active support many private firms have given to policies which 
allow the contractor to obtain exclusive rights to the invention. 

Analysis of Alternative Patent Policies 

This section of the paper examines the policies — the 
title policy, the license policy, and NASA's present waiver 
policy — upon the basis of the costs and benefits resulting from 
each policy. The costs and benefits are broken down into the 
policies' effects in five sectors: 

o commercialization or utilization of inventions, 
o competition, 

o participation of contractors in Government research, 
o disclosure of inventions, and 
o administrative costs of the program. 

This report does not place quantitative values on these costs 
and benefits because of the unavailability of sufficient data 
to give reliability to such results. 

Commercialization of Inventions 

The effect of Government patent policy on the rate of 
utilization of Government sponsored inventions has traditionally 
been the most important issue in the debate between advocates 
of the title and license policies. Commercialization is 
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important because it is the major means by which an inven- 
tion reaches the public and its advantages (cost reduction, 
increased product quality, ...) are transformed into social 
benefits. Most supporters of the license policy have claimed 
that the increased likelihood of commercialization of inven- 
tions is the greatest advantage in allowing contractors to 
retain exclusive rights to their inventions. This argument is 
based on the assumptions that most high technology companies 
are more capable of promoting the dissemination and use of in- 
ventions than the Government and that exclusive rights provide 
a necessary incentive to bring forth the risk capital necessary 
for the development, marketing, and commercialization of new 
inventions. Title policy proponents have responded that not 
only are patents a minor determinant in corporate decisions to 
commercialize inventions, but the potential inability of inter- 
ested future developers to gain access to the technology results 
in an actual decrease in the likelihood of commercialization. 

License Policy Arguments: 

There are two major arguments behind the position that 
the ability of contractors to retain title to inventions will 
increase the rate of commercialization of Government sponsored 
inventions ; 

o a patent provides a contractor with the exclusive 
right to license or use an invention, resulting in 
a reduction of the risks accompanying its develop- 
ment and cc.nmercialization and thereby increasing 
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the incentives for the investment of the necessary 
risk capital, 

o contractors who have retained title to inventions 
have been more successful at commercializing those 
inventions than the sponsoring agency, in part 
because of their closer tie to the marketplace and 
prospective developers (oftentimes the contractors 
themselves) and the possession of a product "champion" 

(the inventor himself) . 

The first of these two arguments is based upon the 
"prospect" theory of a patent (discussed in the previous section) . 
This view of the patent system envisions the patent, not as a 
reward for past inventiveness, but as a necessary incentive to 
develop, test, and use or market an invention. Traditionally, 
the cost required for development and commercialization of an 
invention have been an order of magnitude (or more) larger than 
the basic reseaich costs. For NASA inventions, the private 
or public utilization of space technology usually requires 
large costs in adaptive engineering, development and marketing. 

By reducing the risk of other companies appropriating the 
results of this process of commercialization, patents provide 
a greater incentive for contractors to invest capital and, ■ 
the Harbridge House Study on Government Patent Policy pointed 
out, it is the lack of full technical development of Government 
inventions that has been the most frequent and important barrier 
to industrial use [5]. A patent does not disallow others from 
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using a patented technology, it only demands that they 
negotiate a reasonable payment for its use with the patent 
owner . 

One result of this incentive is an increase in the amount 
of private resources being expended on technological innovation, 
an increase which most economists have regarded as being im- 
portant both in reversing the declining levels of U.S. pro- 
ductivity and in moderniziniy technological industries that 
have fallen behind foreign competitors. 

In support of the second argument, there is statistical 
evidence that contractors actually have been substantially 
more successful than the Government in promoting the commer- 
cialization of Government sponsored inventions, either through 
inter-corporate licensing or in-house development. Of the 
over 1200 NASA inventions to which contractors have obtained 
title since 1959, approximately 16% have been commercialized 
(Appendices B and C). In comparison, of the over 3500 inventions 
to which the Government has acquired patents since 1959, only 
1% have been commercirlized (Appendices D and E) . 

These figures are subject to question because of the 
difficulty in obtaining data many years after initial in- 
vention, the variation in definitions of "commercialization" 
and the statistical bias caused by contractors requesting 
the most commercially attractive inventions under a waiver 
policy. This variation is indicated in Appendix F showing the 
results of five different studies of the commercialization of 
NASA inventions. The most reliable data is probably that 
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compiled by NASA's patent and licensing office, since their 
data gathering techniques are the most extensive and their 
definitions have been subject to only minor variations over time 
(Appendices B, C, D, and E) . 

These higher rates of commercialization by contractors 
are caused in part by contractors requesting waivers on the 
commercially valuable inventions, but there are a number of 
other factors also involved. Contractors are usually chosen 
because of their being the most qualified in a certain field 
of research and, therefore, they are often in the best position 
to promote the commercialization of inventions in that field. 
These companies or universities as a result usually have much 
closer ties to the marketplace than do the sponsoring agencies. 
These contractors are also guided by the prefits that in- 
ventions can offer to channel their investments into areas 
of public usefulness. They also have greater freedom in the 
types of license agreements that they can subsequently negotiate 
\>ith other users of the invention. 

Contractors also already have a "product champion" since^ 
it is usually the inventor that has the greatest interest in 
seeing an invention actually developed and utilized. It is 
widely believed that the transfer of a technology from one 
organization to another requires the transfer of people familiar 
with the technology. One obvicus solution is to provide in- 
ventions to the organization possessing the technology to 
develop it themselves. Patent rights provide this type of 
incentive . 
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It is interesting to note that the patent attorneys at 
several agencies, including agencies which now pursue a waiver 
policy, have informally supported the use of a license policy 
in almost all Government research contracts (Appendix G) . 

Title Policy Arguments: 

There are three major arguments against contractors 
being allowed to retain title to inventions in order to 
encourage commercialization: 

o patents play a minor role in determining corporate 
decisions to comiTiercialize inventions in comparison 
to factors such as favorable price conditions, the 
state of business confidence and costs of capital; 
o contractors retaining title to Government sponsored 
inventions are oftentimes interested in only making 
sure that their competitors don't use Lh^ ’ Lions , 
thereby decreasing the likelihood of commercialization; 
o it is impossible to show that the gains from the 
movement of people and funds to the development of 
patentable inventions are not offset by losses in 
other areas of output — specifically the development 
of non-patentable inventions. 

Waiver Policy Arguments: 

The waiver policies adoped by NASA, DOE, NSF, and HEW have 
offered several advantages. They are flexible and therefore 
allow contractors interested in commercializing an invention 
a chance (a 76% chance at NASA) to obtain exclusive rights to 
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an identified invention. In those cases where the contractor 
has not expressed an interest in the invention, or the waiver 
has been denied, the Government then has the opportunity tc 
seek out other possible user' on an exclusive or non-exclusive 
basis. Such a flexible system initially appears to offer the 
advantages of both the license and title policies, but there 
are a number of disadvantages as well. 

It is obviously impossible for NASA's Invention or Con- 
tribution Board or DOE ' s patent office or any other Government 
entity responsible for waiver decisions to be able to know what 
the necessary factors are in an invention's commercialization. 

Commercialization is dependent upon a number of complex 
unknowns such as future market demand, the quality of the 
invention, and the companies intf- jest in the invention. Also 
present waiver guidelines support Government retention of 
title in cases where the "principal purpose of the contract is 
to create, develop or improve products, processes or methods 
which are intended for commercial use" or "which directly con- 
cern public health, public safety or public welfare," areas 
where it seems incentives to commercialize the inventions are 
the most important (see Appendix A) . 

Past records also show that many contractors perceive 
the waiver process as cumbersome and resulting in a waste \ 

of both time and money. Processing time for a waiver by NASA 
can vary from several weeks to a year depending upon the 
perceived urgency of the request. A waiver must also be 
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accompanied by a general outline of the contractor's proposed 
plan for the invention's commercialization. For large com- 
panies familiar with NASA's waiver process, the waiver requests 
do not pose a high cost. But for small companies or those 
unfamiliar with the waiver process, the costs of a waiver reque 
may appear to be very substantial. Some NASA contractors have 
reported that they were unaware that waivers were even granted. 

Another problem with the waiver system is that it intro- 
duces a factor of uncertainty in the commercialization process. 
An example of this uncertainty is provided by t.ie changes 
that took place in HEW in 1978. Up until that time, HEW 
had followed a policy of granting most waiver requests to 
universities and small businesses (under Institutional Patent 
Agreements) . .Many contractors had participated in HEW con- 
tracts with this expectation, but in 1978 Secretary Califano 
called for a review of all future waivers and essentially 
froze all future waivers. 

Effects on Industrial Competition 

Opponents of a license policy have argued that the 
ability of contractors to retain patent rights has resulted 
in the formation of product monopolies, the increase of product 
costs to the consumer, and the lessening of market competition. 
Although patent rights do permit the private capture of returns 
created by the use of a patented invention, they by no means 
assure it. In fact, past studie. ‘cVC sliown no significant 
examples of monopolization resulting from patents obtained on 
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Government sponsored inventions with the most extensive patent 
policy study concluding "that undue concentration would result 
from the license policy is a possibility so negligible that 
it may be disregarded" [6]. 

The main reason that contractor retained patents have 
not resulted in monopolization is, as previously mentioned, that 
there are few patented inventions of sufficient quality to 
allow the capture of a market. It is interesting to note 
that in thirty-four antitrust cases studied by the Marbridge 
House, where forced licensing of the defender.t's patent 
portfolio had been one of the economic remedies for restraint 
of trade, only two companies in the survey have ever received 
applications for licenses although the patent portfolios were 
in some cases as large as 300 patents [?] . 

Monopolization has also not occurred because contractors 
have in general been very willing to license the use of their 
inventions to other users. In fact licensing has oftentimes 
provided the contractor with the most valuable means of op- 
timizing the value of the patent, either in addition to or in 
place of in-house development. 

A more reasonable concern than monopolization is that 
a few valuable inventions will be neither utilized nor promoted 

% 

by the contractor. Since NASA currently publishes Tech Briefs 
and Technical Support Packages on contractor-owned patents 
arising from NASA sponsored research, this lack of use is 
presently minimized. 
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period of time" and what constitutes use of an invention. 

Participation of Contractors 

The willingness of a contractor to participate in 
Government sponsored research is highly dependent upon two 
factors: the contractor's perceixed value of any resulting 
patents to which he may retain exclusive rights and the 
reasons a company enters into Government sponsored research. 

For those companies that regard patents as an essential 
form of protection in developing a new product, the title 
policy may oftentimes deter the company from entering into a 
Government research contract. Past studies have shown that 
such companies are not in the majority and are concentrated 
in industries which are technologically based but innovate at 
a moderate rate (excluding rapidly innovative industries where 
trade secrets provide a more effective means of protection) . 

Many companies, especially large corporations, have 
traditionally regarded patents as being essentially defensive 
in nature (i.e., means of avoiding lawsuits for infringement 
by other companies who later patent a similar invention) . For 
these companies, gaining exclusive rights to Government spon- 
sored inventions has little value since the Government does 
not enforce infringement on the patents that it owns. The 
participation of those companies which see patents as having 
neither offensive nor defensive value are essentially un- 
affected by Government patent policy although several such 
companies have nonetheless vigorously supported a license policy. 
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Those companies which do value patent rights might be 
expected to lower their contract bids under a license policy 
by an amount proportional to the perceived value of the ex- 
clusive rights in any future inventions, although there has 
been no good evidence to substantiate such a belief. The value 
of potential patents rights to a contractor before performance 
of the contract are estimated to be worth less than one dollar 
($1) for an average one million research contract [b]. 

Many of the opponents of the title policy have claimed 
that that policy's major disadvantage is not the inflated 
cost of contractor's research bids but the lower quality of 
research tnat the Government obtains. This lower quality is 
due to a number of factors including the refusal of many of 
the most qualified contractors to perform Government research. 
Surveys of companies have shown that only a few companies 
actually refuse to participate because of an agency's patent 
policies. Lack of interest in the area of research, unwilling- 
ness to transfer the necessary personnel and facilities away 
from commercial research and a general unwillingness to work 
under Government supervision have been the more common reasons 
for qualified contractors not participating in Government 
research . 

One area where contractor participation has been adversely 
affected is in contracts which require the availability to the 
public of any background patents; i.e., those privately owned 
patents which are deemed necessary for the use of any inventions 
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resulting from subsequent Government contracts. Companies 
have also claimed that participating in Government contracts 
has resulted in valuable proprietary information becoming 
publicly available because of the Freedom of Information Act 
and the requirement for background patents (Appendix G) . 

There have also been claims that a large number of 
contractors segregate their industrial research teams from 
their Government research, resulting in a lower quality of 
Government research. If corporations' proprietary informa- 
tion has been jeopardised, such segregation seems to be a 
reasonable response. 

NASA's ability to grant advance waivers should decrease 
the likelihood of losing the participation of qualified con- 
tractors. Advance waivers have been requested from NASA 906 
times and granted 463 times between 1958 and 1978. Although 
considering how few advance waivers are requested, contractors 
apparently either percei the waiver requests as time consuming 
and/or too expensive, or the value of obtaining patents is too 
low to justify such requests. Although the waiver request 
requires only the completion of a prepared form and the iden- 
tification of the contractor's ability to commercialize or 
license any resulting inventions, many small companies are 
not aware of the process or view it as too expensive. This 
can be seen from the fact that the vast majority of NASA ' 

waiver requests come from large companies familiar with NASA's 
waiver policies. 
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Disclosure of Irxventions 

All Government research contracts require that contractors 
report any resulting inventions to the sponsoring agency. Dis- 
closure is considered so important by some that a draft bill 
proposed by the Departments of Commerce and Justice in 1979 
recommended criminal sanctions against any contractor not 
reporting new inventions. Aside from the complete infeasibility 
of such a proposal,* it indicates the fear by some Government 
officials that there are contractors who do not disclose in- 
ventions they see being commercially valuable and thus de- 
crease the social benefits gained from the research. 

A high rate of disclosure by itself is not advantageous, 
as can be seen from NASA's records. Some companies have 
traditionally reported large numbers of inventions that never 
proved of any commercial value, while others have only reported 
those inventions that they thought tc be novel breakthroughs. 
Although the cost of screening an invention is not very high, 
since 1963 contractors have reported an average of nearly 
1800 inventions annually, while only 5% of these have resulted 
in patent applications. In comparison, NASA employees have 
reported only an average of 335 inventions annually with 34% 
resulting in patent applications. It, therefore, is obvious 
that promoting disclosures is of and by itself of little value. 

* Due to the inability to def inatively define what constitutes 
an invention or the inability of, for example, a scientist in 
one field to recognize that his minor discovery may be a 
breakthrough in a completely different field. 
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It is not obvious that any patent policy is clearly 
advantageous in pr'moting the disclosure of valuable inventions. 
License policy advocates have claimed that the ability to 
retain exclusive rights would remove the disincentives for 
not reporting inventions. Yet in those contracts where NASA 
has granted advance waivers the number of inventions disclosed 
per dollar of research has declined sxibstantially , although 
much of this is due to the contractor's diminished need to 
disclose inventions that are not of a patentable or otherwise 
valuable nature. 

As the Deputy Assistant Attorney General for Antitrust 

matters recently remarked — 

"We do not believe that disclosure has been a problem 
in private R&D contracting situations largely because 
of the high costs of concealment and the penalties in 
loss of reputation and future business caused by having 
concealment later discovered." [9_,\ 

Although there is little conclusive evidence to show 
that any one patent policy results in a more complete and 
effective disclosure of inventions, there is some evidence 
indicating that NASA's attempts to promote disclosures from 
contractors have resulted in an excess of disclosures of 
inventions that have little or no v^ommercial value, wasting 
the time and money of both the contractor and the Government 
invention review board. This cost must, of course, be weighed 
against the possibility that a few valuable inventions might 
otherwise not be reported. 
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Administrative Costs 

The administrative costs of each of the three Government 
patent policies is not very substantial and are unlikely to 
be a major factor in choosing between each policy. Nonetheless 
changes in policy could offer some cost reductions in comparison 
to NASA's waiver policy. 

Presently the costs directly and indirectly attributable 
to NASA's waiver policy stem from the following activities; 

1) compilation of the inventions disclosed by con- 
tractors and employees, 

2) screening of the inventions by NASA and IITRI, 

3) processing and filing of patent applications, 

4) compilation of waiver requests, 

5) compilation of licensing requests, 

6) determindtion of waiver and license requests by 
the ICB, 

7) review of the invention utilization reports, and 

8) promotion and description of NASA inventions by the 
Technology Utilization office. 

The license policy would decrease these administrative 
costs by decreasing both the number of inventions that must 
be screened for patent applications by the Technology 
Utilization office, eliminate the compilation and 
determination of waiver requests, decrease the number of 
license requests and determinations, and increase the number 
of inve.ition utilization reports. 
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The title policy would increase the number of inventions 
to be screened, patented, licensed, and promoted and would 
eliminate the waiver compilation and determinations. 

Several critics of NASA's present policy have claimed that 
NASA files patent applications on many more patents them are 
necessary. Since the Government only uses patents defensively, 
except when it is granting exclusive licenses, publication 
will give the same defense against infringement but without 
the cost of the patent application processing and filing fees. 
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Appendix A 

NASA's Patent System 

NASA's patent policy is based upon Section 305 of the 
National Aeronautics and Space Act of 1958 and the Presidential 
Memorandum on Government Patent Policy of 1971 (PRM) . NASA's 
policy and procedures are detailed in NASA's revised im- 
plementing regulations (e.g., NASA Patent Waiver Regulations [lO] ; 
NASA Domestic Patent Licensing Regulations [11] ; and NASA 

Foreign Patent Licensing Regulations [12]). 

NASA's patent policy has evolved into a waiver policy 
v.iich retains for the Government a broad, irrevocable royalty- 
free license but allows Government contractors to request the 
Government to waive its rights to the title of an invention 
to the contractor. Invention waivers may be requested either 
prior to performance of a contract for all resulting inventions 
(advance waivers) or after identification of an individual 
invention under a given contract. Recommendations on all 
waiver requests are made by the NASA Inventions and Contributions 
Board (ICB) to the NASA Administrator although almost no ICB 
recommendations have ever been reversed by the Administrator. 

Guidelines to be considered by the ICB in considering 
waiver requests are outlined in the Space Act, Presidential 
Memorandum of 1971 and the implementing regulations. The 
stated objectives of NASA's patent policy are: 
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o serving the public interest; 

o protecting public health, safety and welfare; 
o fostering inventiveness; 
o encouraging reporting cf inventions; 
o providing for the widest possible dissemination of 
new technology; 

o promoting the investment of risk capital in new 
inventions ; 

o promoting industrial competition; 
o promoting early utilization of inventions; and 
o avoiding undue market concentration. 

There are similar guidelines of each Federal agency but 
widely varying interpretations of these objectives has resulted 
in each Federal department or agency developing a different 
patent policy. 

Statistically, NASA's policy has been largely one of 
title in the Government with contractors acquiring title to 
only 4% of the contractor inventions disclosed. [l3] This 
low percentage of contractor acquired rights is due primarily 
to the small number of contractor requests for waivers. Be- 
tween 1959 and 1979, 76% of the requests for individuals' 
waivers had been granted with 51% of the requests for advance 
waivers being granted. 

From these figures it ^ould appear that either NASA, has 
been patenting many inventions that their inv'entors do not 
perceive as having significant commercial potential and for 
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which the Government's rights could probably be just as 
effectively protet*-ed by publishing, or the process of request- 
ing e waiver is or at least appears to contractors to be an 
overly expensive or time consuming obstacle to gainii.g title 
to an invention, or both. 
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NASA'S PATENT POLICY 


Title In The Government 

1) National Aeronautics and Space Act (1958): 

"any invention conceived or actually reduced 
to practice in the performance of any work 
under any contract... becomet^ the exclusive 
property of the government unless the 
Administrator determines that the interests 
of the United States will be served by waiving 
all or any part of the Government’s rights.,.. 

(section 305) 

2) Presidential Memcrandum (1971): 

(a) lVh“re 

(1) a principal purpose of the contract is to 
create, develop or improve products, processes, or 
methods which are intended for commercial use (or 
which 2 re otherwise intended to be made available 
for use) by thti general public at home or acroad, 
or which will te required for such use by govern- 
mental regulations; or 

(2) a principal purpose of the contract is 
for exploration into fields which directly concern 
the public health, public safety, or public 
welfare; or 

(3) the contract is in a field of science or 
technology in which there has been little signifi- 
cant experience outside of work funded by the 
Government, or where the Government has been the 
principal developer of the field, and the ac- 
quisition of exclusive rights at the time of con- 
tracting might confer on the contractor a preferred 
or dominant position; or 

(4) the services of the contractor are % 
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(i) for the operation of a Govemment- 
owned research or produw’tion facility; or 

(ii) for coordinating and directing the 

work of otherr (Section 1) 

Title In The Contractor 


1) National Aeronautics and Space Act: 

No such allowance mentioned. 

2) Presidential Memorandum: 

(b) In other situations, where the purpose of the 
contract is to build upon existing knowledge or 
technology, to develop information, products, 
processes, or methods for use by the Government, 
and the work called for by the contract is in a 
field of technology in which the contractor has 
acquired technical competence (demonstrated by 
factors such as know-how, experience, and patent 
position) directj.y related to an area in which 

the contractor has an established nongovernmentixl 
commercial position, the contractor shall no'Tnally 
acquire tha principal or exclusive rights through- 
out the world in and to any resulting inventions. 

(c) ...the agency may prescribe by regulation 

special situations where the public interest in the 
availability of the inventions would best be served 
by permitting the contractor to acquire at the time 
of contracting greater rights than a nonexclusive 
license. (Section 1) 

3) Institutional Patent Agreements: 

In accordance with the langxiage regarding exceptional 
circ’jmstances in §1-9 107-3 (a) and/or the language 
regarding special situations in §1-9 107-3 (c), agencies 
may enter into Institutional Patent Agreements (see 
§1-9 107-6 (c>) with universities and nonprofit organ- 
izations having technology transfer programs meeting 
the criteria of §1-9 109-7 (b). The agreements permit 
those institutions, subject to certain conditions, to 
retain the eiiLire right, title, and interest in inven- 
tions made in the course of their in tracts. 
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Waivers 


1) National Aeronautics and Space Act: 

(f) Under such regulations in conformity with this 
subsection as the Administrator shall prescribe, 
he may waive all or any part of the rights of the 
United States under this section with respect to 
any invention or class of inventions made or which 
may be made by any person or class of persons in 
the performance of any work required by any conf. ict 
of the Administration of the Administrator determines 
that the interests of the United States will be 
served thereby. (Section 305) 

2) Presidential Memorandum: 

Advance Waivers ; 

In exceptional circumstances the contractor may 
acquire greater * -ghts than a nonexclusive license 
at the time of contracting where the head of the 
department or agency certifies that such action will 
best serve the public interest. (Section 1(a) ) 

...the agency may prescribe by regulation special 
situations where the public interest in the avail- 
ability of the inventions would best be served by 
permitting the contractor to acquire at the time of 
contracting greater rights than a nonexclusive 
license. (Section 1(c)) 

Deferred Determination Waivers; 

Greater rights may also be acquired by the contractor 
after the invention has been identified where the 
head of the department or agency determines that the 
acquisition of such greater rights is consistent with 
the intent of this Section 1(a) and is either a 
necessary incentive to call forth private risk capital 
and expense to bring the invention to the point of 
practical application or that the Government's con- 
tribution to the invention is small compared to that 
of the contractor. Where an identified invention 
made in the course of or under the contract is not a 
primary object of the contract, greater rights may ^ 

also be acquired by the contractor under the criteria 
of Section 1(c). (Section 1(a) ) 
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Appendix B 

NASA WAIVER STATISTICS 
1959 THROUGH 1978* 


Individual Waivers 

1. Number of inventions reported 

by NASA contractors 31,357 

2. Petitions for waiver requested 1,366 

3. Waivers granted 1,035 

4. Petitions denied 148 

5. Petitions withdrawn 139 

6. Petitions pending 44 

Advance Waivers 

1. Advance waivers requested 906 

2. Advance waivers granted 463 

3. Advance waivers denied 293 

4. Requests withdrawn Ill 

5. Requests pending 39 

6. Number of inventions reported under 
contracts having advance waivers and 

contractor intends to file 216 

Inventions Waived 

1. Total inventions waived 1,254 

Under individual waivers 1029 

Under advance waivers 225 

2. Inventions for which waivers have been 

voided 266 


* Statement of Gerald Mossinghoff, NASA Deputy General 
Council, before the U.S. Senate Subcommittee on 
Science, Technology and Space, July 23, 1979. 
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Appendix C 

UTILIZATICN/COMMERCIALIZATION STATISTICS ON WAIVEP INVENTIONS* 


Number of Waived Inventions Surveyed: 

Percent of Total (788) Active^ Inventions 
Total Number of Responses: 

Percent Response: 


Types of Inventions Surveyed 

Previous Indications of 

Probability of Use in 1977-: 

Newly Waived Inventions 

Nonresponsive to 1977 Request 

Status of Surveyed Inventions 


Utilized/Commercialized 

(First Use-2 inventions) 

Development Efforts Continuing 

Licensing/Promotion Only 

No Further Development Expected 


121 

15% 

102 




84% 

Reports 

Requested 

Reports 

Received 

Percent 

Response 

100 

83 

83% 

13 

12 

92.3% 

8 

7 

87.5% 


Number of Invent jons 
7 


Total Number of Active' Inventions (Through 1977): 788 


Total Number of Inventions Voided: 

Total Number of Inventions Utilized/ 
Commercialized : 


258 

193 (18.5%) 


* See Appendix B % 

+ Waiver not voided 
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Appendix D 

NASA LICENSING STATISTICS 
LI.S. PATENTS AND PATENT APPLICATIONS 
December 31, 1978* 

U.S. PATENTS HELD BY NASA 

O.S. Patents and Patent Applications 


Available for Licensin«^ 3,512 

Employee Inventions 2,37P 

Contractor Inventions 1,134 


NONEXCLUSIVE LICENSES 


Licenses Granted to Date 502 

Licenses Revoked or Terminated 260 

Licenses in Force as of this Date 242 

Inventions Covered by Licenses in Force .... 124 


E XCLUSIVE LICENSES 

Licenses Granted to Date 21 

Licenses Revoked or Terminated 12 

Licenses in Force as of this Date 9 

Inventions Covered by Licenses in Force .... 9 

Different Licenses 8 


% 


* See Appendix R 
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Appendix E 


COMMERCIAL USE OF NASA OWNED INVENTIONS 
LICENSED BY NASA IN THE UNITED STATES 
December 31, 1978* 


NONEXCLUSIVE LICENSES 


Nonexclusive license in force 242 

Utilization reports received from licensees . . . 138 


POSITIVE USE REPORTS 

Reports of commercial use 50 

Inventions covered by these reports 34 

Employee inventions 28 

Contractor inventions 6 

NEGATIVE USE REPORTS 

Reports of no commercial use 88 

Inventions covered by these reports 56 

Employee inventions 40 

Contractor inventions 16 


EXCLUSIVE LICENSES 

EXCLUSIVE LICENSES GRANTED TO DATE 

Employee inventions 

Contractor inventions .... 

POSITIVE USE REPORTS 

Reports of commercial use . . 

Employee inventions . . 
Contractor inventions 


NEGATIVE USE REPORTS 

Reports of no commercial use 

Employee inventions 
Contractor inventions 


21 

14 
7 

6 

4 

2 

15 
10 


* See Appendix B 
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Appendix G 

PERSONAL INTERVIEWS CONDUCTED 

In order to gain a better perspective on industry's 
views OF NASA's patent policy, personal interviews were 
conducted with the owners of several small firms and patent 
attorneys from several medium and large firms that have 
performed NASA research in the past. Interviews with the 
patent counsels from eight Federal agencies (NASA, DOE, DOD, 
USDA, HEW, DOI, NSF, DOT) , the Office of Federal Procurement 
Policy (OFPP) , the American Patent Lawyers Association, 
Research Corporation, and numerous industry associations 
were also conducted. 

These interviews proved invaluable in providing 
insight into the industry and Government views of alterna- 
tive Government patent policies. Findings from these inter- 
views have been included in the report where relevant. 
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OOSMIC AMD THB MAIKR lOM OQMMBICIAL SOFTBAIB 

Mark Matoutek 
April 1981 

Abstract 


The Computer Software Management and Information Center (COSMIC) is a 
clearinghouse for over 1500 computer programs developed during the course 
of NASA and DOO research. The first part of this paper outlines the 
changes occurring in the supply of and demand for computer software, 
reviews the size and make'^p of the marketplace and also examines the 
trends that will shape the market in the '80s. 

The second part of the paper addresses the criteria that determine 
whether a user will develop the software in-house or purchase it from an 
external supplier. 

COSMIC offers a wide selection of software with a relatively low 
purchase price. But it is important to note that the purchase price is 
only a ssiall fraction of the software's total life cycle cost. Other 
costs resulting from integrating, modifying or maintaining a COSMIC 
program may be substantially higher than Chose of alternative systems. 
COSMIC customers also face greater uncertainty regarding Che program's 
exact capabilities, and this -incertalnty Inhibits transfer. 
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1. INTRODUCTION 

The Computer Software Management and Information Center 
(COSMIC) is a clearinghouse for over 1500 computer programs 
developed during the course of NASA and DOD research. Since 
COSMIC was established in 1966 the supply of and demand for 
computer software have changed substantially. Demand for 
software has outpaced the ability of in-house programmers to 
meet demand effectively leading to the rapid growth of both 
custom design and packaged software suppliers whose sales 
have recently exceeded t1.4 billion and $1.2 billion respec- 
tively [STAF80I. 

COSMIC is thus in the enviable position of being a sup- 
plier of a scarce commodity in a rapidly expanding market. 
COSMIC's ability to participate in the rapid growth of pack- 
aged software sales will be enhanced by an awareness of the 
software market, es pec i f ica 1 1 y the needs of software users. 

The first part of this paper outlines the changes 
occurring in the supply of and demand for computer software, 
reviews the size and makeup of the marketplace and also 
examines the trends that will shape the market in the '80's. 
From this analysis it is apparent that COSMIC has a unique 
position in the software market. It has a large supply of 
previously developed software and it supplies software in a 
manner considerably different than most commercial software 
suppliers . 

The second part of the paper addresses the criteria 
that determine whether a user will develop the software in- 
house or purchase it from an external supplier. The primary 
criteria used to predict software acquisition decisions are 
firms' goals to minimize both the software's total life 
cycle cost and the uncertainty that the software will pos- 
sess all of the desired capabilities, will be acquired 
within budget or within the desired lime period. 

It appears that from the viewpoint of a potential soft- 
ware buyer COSMIC ofters a wide selection of software with a 
relatively low purchase price. But it is important to note 
that the purchase price is only a small fraction of the 
software's total life cycle cost and although the purchase 
price IS lower, other costs resulting from integrating, mod- 
ifying or maintaining a COSMIC program may be substantially 
hiyher than those of alternative systems. COSMIC customers 
also face greater uncertainty regarding the program's exact 
capabilities compared to many internally developed programs 
or widely used commercial packages. 
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2 . PART I — A MARKET OVERVIEW OF COMPUTER SOFTWARE 


The present market ior computer soituare is changing so 
quickly that it may be best initially described by the 
trends that have presently shcped it and will shape it in 
the near future. 

1. demand for an ever widening variety of computer serv- 
ices is increasing each year (see figures 1 and 2) 

2. hardware capabilities have increased rapidly and 
should continue to far outstrip any increases in cost 
( PHIS75 ) , I DENI79 1 

3. software programming capabilities have not improved 
substantially and no breakthroughs in language effi- 
ciency* standardization or abilities are expected in 
the near future ( FRAN79 ] 

4. software costs are increasing each year due to: 

a) shortages of system engineers and programmers 

b) increasing salaries for the above (FRAN79] 

5. users are annually increasing their expenditures on 
software (see figure 1) 

6. users are buying an increasing percentage of their 
software instead of developing it in-house [STAF80] 

7. suppliers of proprietary software are a diverse* 
fragmented and highly competitive group providing an 
equally diverse range of services [DArA78] 

8. an increasing number of vendors are providing exten- 
sive training and support during and after installa- 
tion [DATA78J 

Software sales have recently surpassed $2 billion 
although it is difficult to formulate accurate estimates of 
sales because not only are software suppliers rapidly 
ar-<earing and disappearing but they tend to consider sales 
*.gures proprietary information (PHIS75I. It must be real- 
ized that these resources are only a small part of the total 
resources that are annually used in developing software. 
Estimates of internal expenditures on software reach as high 
as $200 billion per year (ROAC7S]. But it is the increasing 
sales of packaged software that most directly effects COSMIC 
since this is the segment of the market in which COSMIC must 
make all of its sales. 
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The current nunber of icftuare package* available is 
estimated to be about 3000 to 4000 packages ( DATA78 ] exclud- 
ing the more than 1500 programs offered by COSMIC alone. 

This shous *^hat most suppliers are highly selective in the 
programs that they offer for sale, by and large offering 
very feu per company. By far the largest supplier of commer- 
cial software packages is IBM offering approximately 800 
1 DATA78 I . 

These figures illustrate that the marketing strategy 
employed by most commercial suppliers is very different than 
the "shotgun approach" being used by NASA. 

Current estimates of the present growth rats in annual 
sales varies from 20X to 30X. Past growth has recently aver- 
aged about 25X to 28X per year. The growth in total invoiced 
sales by COSMIC has closely followed the overall growth of 
the packaged software market except for declining COSMIC 
sales in 1972. 1974 and 1975 (figure 1). COSMIC sales pres- 

ently account for about 0.25X of tctal packaged software 
sales. 


The projected growth rate for the components of pack- 
aged software indicate that sales of applications software 
is the largest and fastest growing component followed by 
utility software and systems software (figure 2). This trend 
is especially important to COSMIC because most of the COSMIC 
programs are applications oriented. 

One change that has had a major effect on the software 
market is the rapid increase in the cost of software in com- 
parison to the cot t of hardware. As a result# expenditures 
on software have increased from less than 20X of total 
expenditures on hardware nnd software to nearly 70X in 1980 
(Figure 3). This change has made expenditures on software 
much more visible and increased the demand for efficent and 
useful software. 

The present shortage of well trained systems engineers 
and programmers has also made it more difficult for many 
companies to maintain an in-house staff capable of meeting 
the demands for better softua^'e. As a result, proprietary 
software packages have become an increasingly profitable 
business [FKAN79]. 

There are several factors that determine whether soft- 
ware will be developed in-house or purchased outside. Most 
software suppliers claim that the most important advantage 
to proprietary software is that its total cost to tha user 
is significantly less, oftentimes one third or one fourth 
the cost of in-house development. Since many suppliers now 
provide extensive support during and after installation, 
there arc a number of places where costs are reduced. In 
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Figure 1: Comparison of COSMIC Sales to External Software 

Expenditures 


Computer: users '' 
software expenditures 
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Figure 2 : 

Projected Growth of the 
Software Sales 

Components of Packaged 


packaged applications software 
(31.5Z/-r.) \ 


packaged utility software 
(27.1Z/yr.) V 


packaged systems software 
(16.4Z/yr.) 


develops an improved program. The use of proprietary 
software also allows a smaller in-house programming staff. 
Suppliers also claim that the average quality of their pack- 
ages is superior to most in-house programs* resulting in 
better documentation* programs that are more efficent and 
easy t use and also have greater certainty in their capa- 
bilities. 


There is* at least in theory* some economic justifica- 
tion for these claims made by commercial software suppliers 
since the development costs of commercial programs may be 
divided among a multitude of users* therefore justifying 
higher development eKpend i tures . It has been estimated that 
70-90X of the programs written all over the world are func- 
tional duplicates* developed at a cos*' of between $280-360 
billion [G0R0751. As a result* progr. as commercially availa- 
ble have tended to be large programs with '.road applicabil- 
ity* having both high development costs and high market 
demand. This trend can be seen in the rapid increases in the 
sales of large and costly database management systems* pay- 
roll systems or inventory systems. Capabilities beyond those 
of most general purpose products tend to be suspect by 
potential users because such additions "could well end up 
being the most costly or discretionary elements" [ FRAN79 ] . 




software expend Itures/total DP expenditures 







VOLUME I, 

PART 

II. 

Of Qu'ALiTY 

B.2 

1 

Figure 

3: 

U . 

S. Software Spending as a Percentage of 

Total 



DP 

Spending 


inn , — 


The advantages of package software are obviously highly 
dependent upon the quality of the packaged software and the 
programming ability of the user's staff. A potential buyer 
must not only assess the program's purchase price but also 
the shopping, training, installation and maintenance costs 
as well as the willingness of the user's staff to use a pro- 
gram "invented elsewhere". Part II examines these costs and 
benefits in greater detail. 

For these and a number of other reasons, there are now 
a wide variety of suppliers of software. As previously men- 
tioned the largest source is still in-house staffs, but the 
other sources of software are: 


computer manufacturers - most mainframe manufactures 
sell a variety of systems and applications packages 
for use on their computers. IBM now offers more than 
800 such packages. 
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2. sof tuare houses - these suppliers as a group provide 1 

package software for a wide variety of uses> while ! 

some also provide custom software written for spe- ! 

cific user'*. Most "houses” are small and specialize ; 

in certain tyoes of programs and provide fairly | 

extensive vendor support with only a few large houses j 

offeringabroadselectionof programs. 

3. software brokers - these brokers as their name 
implies match user needs to specific programs, often 
developed elsewhere. 

4. c 1 ea r i nohous es - COSMIC anc. small number of similar 
services offer programs developed for specific in- 
house tasks for sale for relatively low prices with 
little or no vendor support. 

5. sof tware users - similar to the clearinghouses, many 
users who have developed sophisticated software pack- 
ages for their own use then sell the package to other 
users to recoup at least part of the development 
cost. 

6. turnkey suppliers - several companies provide total 
custom computer systems including all hardware, soft- 
ware user training, installation, debugging and most 
of the program maintenance. 

7. computer stores - many computer retailers also now 
offer software packages for many of the types of com- 
puters they sell. 

All of these types of suppliers except the clearing- 
houses and the computer stores appear to be providing an 
increasing level of vendor support. A survey conducted by 
Datapro in 1978 of eighteen suppliers whose packages have 
received widespe>'id user acclaim showed that those vendors 
saw pos t- i ns ta 1 1 a t i on support as the most important criteria 
in gaining and maintaining users. Next in order of impor- 
tance were ongoing enhancement, good documentat ' on , instal- 
lation support, and customer training (table 1). 
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TABLE 1 

Factors Affecting User Support of Commercial Software 




1976 

1977 

pos t - 1 ns t a 1 1 a t i on support 

3.4 1 

4 . 22 

ongoing enhancement 


2.9 1 

3 67 

quality documentation 


3.77 

3.51 

installation support 


3.23 

.> . 44 

user training 


4. 00 

2.82 

(rated on increasing 

importance from 

1 to 7) 


\ 
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3. COSMIC'S PRESENT SERVICES 

The services that COSMIC offers arc very different than 
almost any other supplier of software. Most suppliers are 
for profit companies that offer a small number of programs , 

with a high level of vendor support. NASA has choser. a dif- , 

ferent strategy, offering a vast number of programs with | 

very little vendor support. COSMIC provides documentation 
for its programs although that too must be purchased sepa- 
rately. No other vendor support is provided except the names 
of the program's developer or other users. 

The progrrms provided by COSMIC appear to cost signifi- 
cantly less than comparable programs provided by suppliers. 

COSMIC's programs are sold on the basis of trying to recover 
as large a portion of COSMIC's operating expenses as possi- 
ble. Traditionally NASA has provided about one third of COS- 
MIC's operating expenses. The operating expenses rarely 
include any of the program's development costs. 

It is difficult to assess the effects of COSMIC's poli- 
cies upon potential users. By and large COSMIC does not seem 
to be well known within the industry. Of the six software 
brokers that were contacted to date in a survey being con- 
ducted by the author, only one employee at Datapro was 
familiar with COSMIC. His familiarity was limited to the 
twenty-seven COSMIC programs listed in the Datapro Directory 
of Software and the comments of the two NASTRAN users that 
responded to a Datapro survey. 

The comments of the those two users gave the NASTRAN 
program (COSMIC's most used program) ratings ot "fair" for 
overall user satisfaction, program efficency. ease of 
installation, ease of use. and documentation and a rating of 
"poor" *«'• vendor support. The program was also viewed as 
inflexible, costly, relatively complex, slow, using exces- 
sive resources, lacking key capabilities and having compata- 
bility problems. This sample size is so small that no solid 
conclusions can be made. 
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PART II — IN-HOUSE VS. PURCHASED SOFTWARE 


4 . 


The user's decision to develop needed software in-house 
or to purchase it from an outside supplier has been given 
little study although a rapidly increasing number of users 
are having to make this decision due to the increasing cost 
of programming in-house. Although annual sales by software 
suppliers have passed $2 billion, few authors have examined 
the factors that underlie this "make or buy" decision. 

This chapter examines two of the most important factors 
underlying this decision; the programs life cycle cost and 
the risk that it will not fulfill the user's requirements. 
These factors are examined for four acquisition alterna- 
tives: 


1 . 

in-hou^e 

development . 



2. 

purchase 

from 

a clearinghouse (such as 

COSMIC) . 

3. 

purchase 

of a 

"turn-key" 

system, and 


4 . 

purchase 
por t ) . 

from 

a sof tware 

house ( 1 imited 

vendor sup 


This information should prove useful for the managers of 
COSMIC in understanding the dynamics of the present software 
market. 


4.1 SOFTWARE LIFE CYCLE COSTS 

Estimates of the cost of software development have his- 
torically accounted for only a fraction of the total soft- 
ware development life cycle costs [ZELK78]. Software mainte- 
nance costs, which were not included in many previous 
estimates, account for approximately 50% to 75X of the total 
software development lifecycle costs ( FRAN79 1 . [ PUTN77 ] . 

[ ZELK78 1 . The term maintenance encompasses a number of dif- 
ferent activities including operational debugging, program 
modification, user training, revision of documentation and 
program management. 

Figures 4 and 5 show two approximations of the costs of 
the different stages of software development when mainte- 
nance costs are not included. (NOTE - Because there are no 
obvious divisions between the steps in software development, 
no common breakdown of the steps in the development process 
has arisen. The differences in both the terms defining the 
stages of software development and the activities included 
in these stages is obvious when figure 4 and 5 are compared. 
This paper uses the seven step process defined in Zelkowitz. 
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shoun in figures 6 and 7 and consisting of requirements, 
specifications, design, coding, testing, integration and 
maintenance) . 


Figure 4: Software Development Costs (After [ZELK78]) 



Figure 5: Software Development Costs (After [UOLV74]) 
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Figure 6 shous that when the overall life cycle costs 
are examined* the initial development costs are dwarfed by 
the maintenance costs. Even if the present value of these 
costs are examined instead of the costs in constant dollars* 
total life cycle costs are still dominated by maintenance 
costs . 


Figure 6: Software Life Cycle Costs (after [ZELK78I) 



This result is crucial to this examination of the serv- 
ices offered by COSMIC berause the maintenance costs that 
COSMIC customers must baar will in general be considerably 
higher than similar costs for other available software. This 
is due to the fact that almost all of the programs in the 
COSMIC library were developed to fu.'iill specific NASA needs 
and many of the programs therefore require extensive program 
modification* user training* debugging and revision of docu- 
mentation in order to meet users' needs. COSMIC also pro- 
vides little if any vendor support compared to most other 
software suppliers and therefore the user must bare the full 
costs of program integration and maintenance. The vendor 
support provided by COSMIC is limited to facilitating con- 
tact between the user and the program's developer on all 
programs and providing some user training* system integra- 
tion and program enhancement for the NASTRAN program alone. 

The following economic model illustrates the type of 
costs that a software user faces and shows how program inte- 
gration and maintenance costs are oftentimes the most impor- 
tant criteria in deciding the means of software acquisition. 

- 12 - 




I At.*L KLA.NK NOT FILAmU 


VOLUME I. PART II. 8.2 


ORIGINAL PAGE IS 
OF POOR QUALITY 


135 


As previously mentioned, software may not only be 
developed in-house, it may be purchased from a variety of 
suppliers. The type and approKimate magnitude of the costs 
associated with software development are modeled for four 
different means of acquisition: 

-in-house development. 

-purchase of a "clearinghouse package". 

-purchase of a "turn key package", and 
-purchase of a "limited support package". 

These four sources span the range of the means of soft- 
ware acquisition and illustrate the different types of costs 
facing the prospective user. 

The cost of acquiring software may be broken down into 
seven approximately sequential parts. Initially the decision 
must be made that n 'w software is needed and broad require- 
mentc that outline how the software will be used must be 
defined. This activity incurs cost c(r). The ensuing steps 
and their respective costs are listed below. Program speci- 
fications are then written - c(s). The total system is then 
designed - c(d). followed by the coding of the program - 
c(c). Once coded the program may then be tested to ensure 
that it meets its specifications - c(t). The program can 
then be integrated with the hardware and software necessary 
for the program's use - c(i). Finally the software program 
must be maintained - c(m). 

The total life cycle cost of acquisition of the soft- 
ware to the user is: 

LCC » c ( r ) +c ( s ) +c ( d ) +c ( c ) +c ( t ) +c ( i ) +c ( ra ) ( eq . 1) 

If the software is purchased instead of developed in- 
house a selection cost will be incurred - c(se) in addition 
to the package's purchase price - c(p). But now. the user 
will not have to pay all of the costs in equation (1) since 
some of those costs will be absorbed in part by the vendor 
of the software. The quality of the software and the level 
of vendor support wil. determine which costs the user will 
not have to pay . 

It should be noted that the stages in a program's 
development and use overlap and are difficult to clearly 
define and as a result almost every case study of software 
development has defined these steps or activities differ- 
ently. But it has been shown that the rate of expenditure on 
each of these activities can be approximated by a Rayleigh 
curve [ PUTN77 I . although this approximation has been claimed 
by some to be a poor representation of the actual input of 
programmer effort. This more exact representation of the 
costs of software development originally shown in figure 5 
is represented in figure 7. 
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Figure 7: Softuara Development Costs per Yeer I PUTN77 I 



In the model* ue assess the acquisition of an applica- 
tions program consisting oi 10,000 source statements. This 
is the approximate size and nature oi many oi the larger 
programs in the COSMIC library (see Appendix B ior a break- 
doun oi the average size and price oi the programs listed in 
"COSMIC - A Catalog oi Selected Programs"). The program’s 
developcent cost depends upon a number oi iactors including 
program complexity, programmer experience, etc. Metzelaar 
has estimated thet tne number oi men-years required to 
develop a program oi this size can vary irom about O.k man- 
years ior a very simple program to over 13 man-years ior an 
extremely diiiicult program. The "industry average" ior a 
program oi this size is about 5 man-years (see iigure 8). 

These liie cycle costs ior in-house development are 
graphed in iigure 9 as they accumulate over time. Ue assume 
that the program uill have an initial development time oi 
one calendar year and a useiul liie oi iive years with 75X 
oi the maintenance costs occurring during the iirst year oi 
operation and the other 25X being distributed evenly during 
the remaining iour years. li the present value oi these \ 

costs is calculated using a discount rate oi 15X/year, 
maintenance costs decline irom 67X oi the program's total 
liie cycle cost to 61X. 

This graph clearly shows that the cost oi maintaining 
soituare should be a primary concern to the potential svit- 
uare user . 
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rigura 8: Programmer Productivity IUOLV741 
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The life cycle costs associated uith the purchase of a 
"clearinghouse system" such as those sipplied by COSMIC are 
someuhat different than those associated uith in-house 
development. These costs may be broken down into five cate- 
gories - r eq u i remen ts f selection, purchase, integration and 
maintenance. 

LCC = c(r) + c(se) + c(p) + c(i) + c(m) ( eq . 2) 

The selection cost - c(se) - is essentially a shopping 
cost and includes the cost of identifying and comparing 
suitable programs. This cost is assumed to be roughly compa- 
rable in amount to that of defining the program's require- 
ments. or about 2 % of the program's total life cycle costs. 

The purchase price for a 10.000 source statement pro- 
gram from COSMIC ranges from about >400 to >2000 (NASA]. If 
an intermediate cost of $1000 is assumed then for a program 
having a total life cycle cost of $600,000 as uas the case 
in the previous example, the purchase price constitutes only 
0.16X of the total life cycle cost. Because the purchase 
price of most COSMIC programs is such a small percentage of 
the total life cycle cost facing the "rograms' users, the 
demand for COSMIC programs should be insensitive to even 
major changes in the prices charged for the programs (price 
elasticity of demand is approximately equal to zero). 

The cost of integrating the COSMIC program uith the 
user's computer system is likely to be much higher than the 
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rigur* 9: Lif* Cycl* Costs of ln-Hous« Softuars Davalopasnt 
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7X sstimats for in-hous« dsvalopnsnt . This incrsast is du« 
to the program not being initially developed to be used on 
the user's computer system or to fulfill the user's specific 
needs. Therefore for most COSMIC programs considerable adap- 
tation is necessary in order for the program to interface 
satisfactorily uith the user's existing hardware and soft- 
ware systems. This high cost of program integration can be 
observed in the $17, <424 and $32,292 spent in two unsuccess- 
ful attempts to install COSMIC programs or in the $50,000 
fee that a ccsulting firm charges to install NASTRAN 
I HENT79 I . 


Figure 10 shows a breakdown of the life cycle costs 
faced by a user of a COSMIC program where the intergration 
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cost has incraasad to 189C of tha total and tha naintananca 
cost has incraasad to 7SX of tha total. Tha incraasa in tha 
maintenance cost is dua to tha incraasad laval of usar 
training^ dabugging and ravision of docuaantation naoaasary 
for tha 3u'. '.s factory usa of a COSMIC program. It should 
also ba nctad that any bugs not datactad by NASA during a 
program's davalopmant bacoma incraasingly axpansiva for a 
usar to fix. An error costing ilOOO to fix during coding 
will cost about t10,000 to fix during operation [PH1S79I. 


Figure lOt Life Cycle Costs of a Purchased (Clearinghouse) 
Prog ram 
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Compaiin., the life cycle coits cf in-house development 
against those * a clearinghouse system indicate that a 
potential use. shiuld purchase a clearinghouse system when 
its associated costs of selection, purchase, integration and 
maintenance are less than the in-house system's specifica- 
tions. design, coding, testing, integration and maintenance 
costs. 

The third alternative means for a software user to 
obtain a program is to purchase a "turn-key system". A 
turn-key system I one in which the vendor provides not only 
the program's so,cce code and documentation like COSMIC but 
also provides extensive vendor support including program 
adaptat.on. installation, testing, debugging, user training 
and periodic program enhancement. As figure 11 shows, the 
overwhelming majority of the program's life cycle cost is 
due to the program's purchase price. The only other costs 
that the user faces arre those due to requirements, selec- 
tion and c percentage of the maintenance cost. 

The differences between the purchase of a "turn-key 
s.'stem" and the purchase of a "clearinghouse package" on the 
user's cost stream and number of in-house personnel required 
are significant. Use of a "clearinghouse package" tends to 
result in a smoother outflow of capital but also requires a 
larger in-house programming staff than does a use of a 
"turn-key system". 

There are many suppliers of software packages who pro- 
vide vendor support which is not nearly as extensive as that 
of some "turn-key" suppliers but much more comprehensive 
than that provided by COSMIC. Figure 12 illustrates a possi- 
ble life cycle costs associated with such a program. 
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Figur* lit Him Cycl* Cost of Turn-Ksy Purchassd Soituara 
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Figure 12; Life Cycle Cost of Software with Limited Support 
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4.2 UNCERTAINTY 121 SOFTWARE ACQUISITION 

Soituare users' acquisition strategies can be better 
understood ii ue assume that their strategies are strongly 
influenced by a desire to minimize the uncertainty involved 
in using software. This improved ability to predict soft- 
ware users' decisions could be very useful to COSMIC in 
increasing the marketability of COSMIC's software programs. 
Therefore, this section compares the relative uncertainties 
inherent in the four software acquisition alternatives 
described in section 4.1. 

In software acquisition, there are three major uncer- 
tain el ements : 

- the software's life cycle cost, 

- the software's capabilities, and 

- the date the software will be ready for use. 

There is greater uncertainty in these three areas in soil- 
ware development than there would be in most similar engi- 
neering development projects because software development is 
still a poorly understood and unpredictable process. Large 
cost overruns, missed completion dates and even complete 
project failures are not uncommon in software development. 
For this reason, the relative uncertainties in these three 
areas become of even greater importance to potential users 
comparing alternative software products. 

The assumption that software us<»rs attempt to minimize 
the associated risks and uncertainties stems from the well 
documented risk aversion of most corporate decisionmakers. 
Past studies have shown that although risk attitudes vary 
significantly within organizations ISUAL 66], few if any 
corporate decision makers are r i sk-pr ef err i ng (i.e., willing 
to support projects with negative expected values) [SPET 
68). It has also been shown that as the uncertainty of a 
project's profitability increases, the project's subjective 
utility decreases. One way this uncertainty can be visual- 
ized is by plotting the probability distribution of the 
present value of a project. As an example, figures 13 and 
14 show two possible probability distributions of the pres- 
ent value of two software acquisition alternatives. The 
probability distribution in the second figure is much flat- 
ter indicating greater uncertainty in the present value pre- 
dictions . 

Although the two projects have the same expected value 
(t1 million), studies have shown that decisionmakers will 
assign a higher subjective utility to the first alternative. 
One measure of subjective utility is the certain equivalent, 
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Figure 13. Probability Distribution of Software Project's 
Present Net Worth (low uncertainty) 



present net worth ($ millions) 

Figure 1>4: Probability Distribution of Software Project's 

Present Net Worth (high uncertainty) 



present net worth ($ millions) 


defined as the dollar value at which the decisionmaker would 
be indifferent between that dollar value with no uncertainty 
and the returns of the uncertain project. The project with 
the lower level of uncertainty whose returns are described 
by Fig. 13 will have a higher certain equivalent than the 
project whose returns are described by Fig. 14. 
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The softuare acquisition decision that ue are examining 
can be modeled by the four discrete decisions described in 
section 4.1 uhere the choices span the range of the poten- 
tial acquisition alternatives. This decision is illustrated 
by the decision tree (see Figure 15) uhere a fifth alterna- 
tive has been inc luded--”do not acquire** the softuare. 

Associated uith each branch of the decision are the outcomes 
of the softuare's life cycle cost, the softuare's capabili- 
ties and the completion date. Figure 16 illustrates hou one 
branch of the decision tree appears uhen the outcomes are 
separated into three discrete alternatives. 


Figure 15: Softuare Acquisition Alternatives 



in-house development 
purchase from COSMIC 

purchase from software house 

purchase a "turn-key" system 
do not acquire 


The three discrete outcomes are an approximation of 
uhat is actually a continuous distribution. The number of 
outcomes chosen uould normally depend upon the decision's 
sensitivity to the particular outcome; the more sensitive 
the decision, the larger number of discrete outcomes exam- 
ined. 


If a decision analysis uas being performed, the subjec- 


tive probabilities — p^ , p 


ij ' P ijk 


and the values of the 
outcomes--v^j]^ , uould be assigned numerical values. As an 
example, the probabilities for the occurrence of three spe- 
cific values of the in-house developed softuare's life-cycle 
cost ( p^^ . P 2 . P 3 ) could be approximated as siioun in Figure 

17 given the decisionmaker's probability distribution. 

Using the same method the other probabilities shoun on the 
decision tree could be estimated (although in our model this 
requires 156 probabilities). The values shoun in 
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Figure 16: Decision Trt>e for Software Acqusition 


OUTCOMES 

life-cycle completion 

costs 


VALUl 


capabilities 


Figure 16 are the utilities assigned by the decisionmaker to 
each specific outcome. As an eKample> would be the 

utility of the in-house software when the life-cycle cost 
iSf say. $70,000, the completion date is two years hence, 
and the capabilities are all those anticipated. The 
expected value of each alternative acquisition decison 
therefore equals: 


E . V . 


3 3 3 

I I I 

k-1 j-li-1 


(V. .. X p. 
i]k ijk 


X P. J X p^) . 


If the values (e.g., ^ 322 ^ plotted against 

their likelihood of occurrence (e.g.. Pm x x pj^j P 322 

X P32 K P 3 ) instead of being summed, they give a probability 
distribution of the expected benefits that could result from 
each alternative (see figure 18). Given this information 
and the expected value, the decisionmaker's certain equiva- 
lent can then be calculated. Since most decisionmakers are 
risk adverse, the greater the uncertainty indicated in the 
probability distribution (Figure 18), the less the alterna- 
tives certain equivalent and as a result the less likely the 
user will choose that alternative. 


In our model of the five alternative decisions, the 
outcomes of only the "do not acquire" alternative are cer- 
tain. Obviously in this decision the life cycle cost is 
"zero," the capabilities are "none" and the acquisition date 
IS "never.'* 
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Figure 17: Probability Distribution of Life-Cycle Cost 

(example) 


$275 

20% probability 


20% probability 
$ 


$160K - 60% probability 


life-cycle cost ($ thousands) 


In comparison, acquiring software programs from COSKIC 
is oftentrmes a decision with uncertain outcomes because 
many COSMIC programs are relatively unknown commodities. As 
discussed in the previous section, although the purchase 
price is much lower than most commercial software, the ensu- 
ing costs of integration and maintenance may range from very 
low costs to very high costs. Given the users’ inability to 
effectively assess the program a priori (i.e., its architec- 
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Figure 18: Probability Distribution of Discrete Outcomes 

Value 



ture. fleKibility. efficiency, compatibility, etc.), these 
latter costs are highly uncertain. For these same reasons 
the system capabilities and the date of useability are also 
highly uncertain for most COSMIC programs. As a result the 
expected utility of a COSMIC program has a flatter probabil- 
ity distribution and its certain equivalent uill be less 
than a similar program with more cetain outcomes. 

In comparison, a turn-key system although having a 
large purchase price may have a much more certain life cycle 
cost. This is due to the fact that many turn-key suppliers 
bare most of the software's life cycle costs (i.e., specifi- 
cation, design, coding, testing, integration and mainte- 
nance) and the purchase price is nearly equal to the life 
cycle cost. The useability date is also usually highly cer- 
tain since many suppliers uill guarantee a specific startup 
date. The capabilities of a turn-key system are usually not 
this certain. But if a system is well defined, well docu- 
mented and has been used by many people then the potential 
user has significant opportunities to gain more information 
about those capabilities to reduce that uncertainty at a 
relatively low cost. 

The level of uncertainty associated with in-house soft- 
ware development can vary considerably. Relatively certain 
outcomes with narrow probability distributions (see Figure 
13) are more likely in projects that have experienced pro- 
grammers. simple program objectives or have had previous 
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projects that are similar in nature. li one or more oi 
these facts is not present* the uncertainty oi predicting 
the sottuare's life cycle cost, capabilities or useability 
date can be high . 

The uncertainty associated with the fifth acquisition 
alternative, purchasing the software from a software house, 
can also vary considerably. The user's ability to predict 
the life-cycle cost and capabilities will be a function of 
the level of vendor support and the amount of information 
available about the software from the vendor or other users. 
Uith widely used programs or reputable and supportive ven- 
dors these uncertainties will usually be relatively low 
although the price of the software will probably be higher. 

In conclusion, due to the risk aversion of most corpo- 
rate investors, uncertainty in a software program's life 
cycle cost, capabilities or useability date will result in a 
lower perceived value of the program by the prospective 
user. This result will cause prospective users to reduce 
the value that they assign to COSMIC programs due to the 
unknown nature of most COSMIC programs and the difficulty in 
acquiring more information on the programs from either the 
documentation or the small number of other users. 

This paper does not say that steps should be taken to 
reduce this uncertainty but it should he considered as one 
possible method of increasing the use cf COSMIC programs. 
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Appendix A 

Size of COSniC Computer Programs 


Program Size (source statements) 



0- 

‘♦99 

500- 

1499 

1 500- 
2999 

3000- 

4999 

5000- 

9999 

>10000 

Category 

total 

62 

72 

6 1 

22 

36 

33 

aerodynamics 

2 

5 

9 

1 

2 

1 

aircraft 

2 

2 

3 

0 

1 

2 

auxilary 

systems 

1 

1 

1 

0 

1 

0 

biotechnology 

1 

2 

1 

1 

2 

0 

chemistry 

0 

2 

0 

1 

3 

0 

computers 

8 

1 1 

5 

4 

3 

9 

electronics 

2 

3 

3 

2 

5 

1 

facilities* 
research 
and support 

4 

10 

3 

3 

5 

5 

fluid mechanics 

3 

6 

4 

1 

0 

0 

geophysics 

2 

3 

4 

0 

0 

0 

instrumentation 

and photography 2 

1 

0 

2 

0 

2 

machine 

elements and 
p r oc es s es 

5 

3 

3 

2 

1 

1 

ma themat ics 

20 

9 

8 

3 

2 

1 

structural 
mechan i cs 

7 

1 1 

7 

2 

8 

8 

thermodynamics 
and combustion 

4 

2 

8 

n 

1 

3 


NOTE: Obtained from "COSMIC - A Catalog of Sel<;cted Pro- 

g rams . " 
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Average Size 

and Price 

of Selected 

COSMIC 

Prog rams 

* of 

Category 

total 

prog rams 

AS 

( avg . s i ze ) ( av 

AP 

]. price 

AP/AS 

) 

aerodynamics 

20 

2866 

502 

0.18 

aircraft 
auxi lary 

10 

356 1 

558 

0.16 

8 ys t ems 

4 

2109 

478 

0.23 

biotechnology 

7 

3090 

556 

0 . 18 

chemistry 

6 

3865 

547 

0.14 

computers 

4 1 

502 1 

608 

0.12 

electronics 
f ac i 1 i t i es , 
research and 

16 

3465 

706 

0.20 

support 

30 

4 157 

599 

0.14 

fluid mechanics 

14 

1409 

422 

0.30 

geoohys ics 
instrumentation 

9 

1276 

37 1 

0.37 

and photography 
machine elements 

8 

177 15 

76 1 

0 . 04 

and processes 

1 5 

2759 

479 

0 . 17 

math eta atics 
structural 

43 

159 1 

• 

305 

0.19 

mechanics 

thermodynamics 

43 

5502 

580 

0.11 

and combustion 

20 

3745 

548 

0.15 


NOTE - Obtained from "COSMIC - A Catalog of Selected Pro- 
g rams " 
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Abstract 

This paper focuses on ways to improve NASA's technology 
transfer system. The analysis in this paper assumes that 
an improvement of the current status can be achieved if the 
technology transfer process is better understood. This 
understanding will only be gained if a detailed knowledge 
about factors generally influencing technology transfer is 
developed, and particularly those factors affecting tech- 
nology transfer from government R&D agencies to industry. 
Secondary utilization of aerospace technology is made more 
difficult because it depends on a transfer process which 
crosses established organizational lines of authority and 
which is outside well understood patterns of technical 
appl ications . 

In the absence of a sound theory about technology trans- 
fer and because of the limited capability of government 
agencies to explore industry's needs, a team approach to 
screening and evaluation of NASA generated technologies is 
proposed in the analysis which follows. The proposal calls 
for NASA, and other organizations of the private and public 
sectors which influence the transfer of NASA generated tech- 
nology, to participate in a screening and evaluation process 
to determine the commercial feasibility of a wide range of 
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Introduction 

In providing for the widest practicable and appropriate 
dissemination of information about its R&D activities, NASA 
faces a task of vast scope and substantial complexity. 

In fulfilling its task NASA must solve two complex 
problems : 

o The Information Problem 

The secondary utilization of aerospace technology poses 
a question that is difficult to answer; "How can an unknown 
target group in industry be provided with a technology having 
unknown applications?" In order to respond to this challenge 
NASA must necessarily initiate "horizontal" technology trans- 
fer through a communication process which crosses institutional 
and organizational boundaries. This process is not well 
understood. 

To transfer the right information to the right target 
group is a difficult task. But, this is only one part of the 
technology transfer process. Information dissemination is a 
necessary but not a sufficient condition for technology 
transfer (see also; Baer et al., 1976, p. 27). 

o The Application Problem 

There exists a spectrum of potential reasons why industry 
does not accept a known technology. Technological feasibility 
is no guarantee of commercial success. Furthermore, new 
technologies are very often not only market-creating but also 
market-destroying . 
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Studies indicate that NASA performs excellent work in 
disseminating information. That is not to say that there do 
not exist ways of improving the NASA information dissemi- 
nation system. In addition, based on an interpretation of 
investigations performed by the Denver Research Institute, it 
appears that opportunities for substantial improvement exist 
in the application process. 

Rather than attempting to improve the technology dis- 
semination system through a new kind of technical report, it 
may be more beneficial to improve the information itself. 

More potential value could be added to the information system 
by detailing competitive technologies, by indicating neighbor- 
ing technologies which already exist or are developing, by 
suggesting possibilities for useful applications, and by 
providing commercial feasibility information. Such activities 
impact on the application problem in a positive manner (see 
also: Chakrabarti, 1972, p. 7). 

In order to effectively provide this "value added infor- 
nation," one must understand the supply characteristics of 
NASA technologies with regard to potential commercial appli- 
cations and specific demand characteristics of potential users. 
In addition, one should be aware of "what is going on" 
in industry and between industry and government agencies. 

How can such a task be accomplished? An important step 
is to enhance the screening/evaluation process of NASA 
generated technologies. That is to say, enhancing the ability 
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to anticipate the future value of a NASA technology and 
thereby choose an effective transfer medium. Since no 
comprehensive detailed knowledge about the many facets of 
technology transfer exists, two possibilities seem worth 
pursuing in the screening/evaluation process, 
o Statistical Analysis 

Based on existing historical data, one can try to 
determine the relevant characteristics of technologies 
which enhance their value for potential users. 

Such statistical analysis could provide substantial 
insights. Industry, however, frequently reorganizes its 
structure and changes its needs, sc statistical analysis 
IS of limited value. But, statistical analysis might be 
used for preevaluation, thereby filtering out presumably 
valuable technologies to be evaluated by a team, 
o Team Approach 

Evaluation using a team approach is suggested here using 
teams that include members of the user community, such as 
professional associations, and governmental agencies, which 
are concerned with regulation and commercial R&D. Such an 
approach would enhance the technology transfer process. 

The purpose of this paper is to explore the potentials 
of a team approach to the screening/evaluation process. This 
approach creates two substantial benefits: 

(i) Given a lack of knowledge about the complexities of 
technology transfer, this approach could become a powerful 
tool in overcoming those complexities. 
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(ii) Technology transfer is important for all members 
of a society and should therefore not be the sole concern of 
an R&D agency like NASA. A team approach would promote 
acceptance of the view that technology transfer is the common 
responsibility of all participants in the commercial utiliza- 
tion of advanced technologies. 

To outline the characteristics of a team approach to 
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In the first section below, the NASA information system 
is described and evaluated. This evaluation suggests that 
NASA im^^'rove the information itself rather than modifying 
the information dissemination system. 

An assessment of factors which are likely to impact on 
technology transfer is made in the second section. At the 
end of this section, improvements achievable using a team 
approach are discussed. 

The third section assesses arguments for a tear, approach 
to screening/evaluation. 

Potential members of a screening/evaluation team are 

noted and their capabilities explored in the fourth section. 

1 . Description and evaluation of the NASA Technology 
Transfer Program 

The NASA Technology Transfer (TT) program consists primarily 
of Information Dissemination, Application Teams, Information 
Dissemination Centers, and Applications Engineering. For the 
purpose of this paper, this transfer system is viewed as three 
phases : 

INFORMATION PHASE 

o library service 

o delivery service (technical reporting) 

MARKETING PHASE 

o identification of potential users' needs 
o identification of technologies matching users' needs 
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APPLICATION PHASE 

o demonstration projects 
o reengineering projects 
o production of marketable products 
The development of the process can be thought of as an 
evolution. In its information phase, information is provided 
for the users. In order for technology transfer to happen, 
the user must play an active role. NASA's role is more passive, 
once information has been made available. The library service, 
for example, consists of a set of interrelated services. In 
the literature search service ("remote") the user is active; 
he defines key words which are used for information retrievals 
performed by Industrial Applications Center's (lAC) personnel. 

The next extension is an interactive retrieval service (on-site) ; 
the user sits beside the "Information Specialist," who now 
plays an active part due to his knowledge about the NASA data 
base. He is able to identify keywords the user might never 
think of. In a current awareness search service (period- 
ical reports which supply the user with up-to-date information 
in his field of interest, generally delivered on a monthly 
basis), the user defers to the search service totally. NASA's 
role is more active in cases where the user requests inter- 
pretative services and NASA participates in the exploration 

% 

of the retrieved information. 

Staffed with highly qualified scientists and engineers. 

Industrial Applications Centers provide not only information 
but potential applications of information. An lAC's staff 
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personnel may initiate contact between a requester and com- 
panies, universities, etc , already working in a certain field. 

In the marketing phase, performed by State Application 
Centers and Technology Application Teams, NASA takes a more 
active role; exploration of a user's needs, search for a 
technology which will match those needs and then implementation 
and commercialization of the technology (see Anyos et al . , 1978. 
p. iii) . In the application phase, NASA reengineers technologies 
in order to bring them closer to commercial feasibility. 

Studies investigating the benefit-to-cost ratios concerning 
the main elements of the NASA Technology Transfer program 
show a positive relationship. The aggregate benef it-to-cost 
ratio was estimated to be 6 : 1. The single elements of the 
program are characterized by ratios lying in a spectrum 3 : 1 
to 26 : 1 (Johnson et al., 1977b, p. v, vi) . For each dollar 
NASA invests in its TT Program, benefits equivalent to six 
dollars are produced. 

When interpreting these numbers, one must take several 
factors into account. First, such benefit-to-cost ratios 
cannot be directly compared with those of other NASA projects. 

Of course, the ratios calculated for the NASA TT program do not 
reflect the investment in developing the technology. Second, 
each NASA contractor must write a contractor report, which can 
be thought of as an initial step toward producing an information 
product, the costs of which are not covered by the TT program. 

In assessing possibilities for further improvements of the 
TT program, an analysis of the NASA Tech Brief Program, under- 



VOLUME I, PART II.B.3 


167 


taken by the Denver Research Institute, is most valuable 
(Johnson et al., 1977a, p. 36). They classified TT applications 
in four modes: 

mode 0 no application at all 
mode 1 used for information only 

mode 2 used to improve already existing production 
technologies, products and services 

mode 3 used to develop new production technologies, 
products and services 

The probability for any of the individual modes occurring were 
calculated as follows: 

mode probability 


34% 

54% 

11 % 

1 % 


The 54% for mode 1 indicates that NASA is providing an 
excellent information service. There is no other information 
service available which covers the aerospace area and related 
fields in such a comprehensive way. This is true partly be- 
cause the NASA data base includes information produced by other 
organizations. For example, due to a special information ex- 
change agreement between the NASA Scientific and Technical 
Information Office (STIO) and the European Space Agency (ESA) , 
a user can obtain the latest international developments in 
this field. 

The results of the DRI study show a very different picture 
concerning the development of new products from NASA technical 
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information; ''Successful efforts to develop new products from 
TSP's have occurred but they are exceptions. More typically, 
such attempts lead to a new financial loss ^or the TSP requester. 
Even for successful Mode 3 application (development of new 
technologies, products, services), the TSP information is 
usually a minor technical input (about 5 percent) to the new 
economic activity" (Johnson et al., 1977a, p. 48). 

At the present time, it seems that the most positive out- 
come of NASA's TT program is that the information, about its 
technologies is available promptly and comprehensively. 

The calculated net benefit for the Industrial Application 
Centers is moderate compared to those of the technical reporting 
program. One might expect the contrary, due to the comprehensive 
and thorough services provided by lACs. Moreover, it is impor- 
tant to emphasize that while technical reports are free, users 
are charged for the services of the lACs. The benefit-to-cost 
ratios currently available may not describe the true picture. 

Out of a vast set of new technologies, most will have little 
or no impact on new products and services. There is a small 
subset of technologies which are, unexpectedly, so successful 
that they pay for the whole R&D program of an organization. 

To enhance the effectiveness of NASA's TT program, it 
would be useful to know about the underlying factors which 
influence technology transfer. For example, it is not particu- 
larly useful to calculate time-lags between the technological 
feasibility and the first commercial application of a technology; 
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indeed, those calculations show substantial variations (see: 
Rosenberg, 1976a, pp. 72-74) . There are many different factors 
at worlc and without a detailed understanding of those factors 
it is hard to initiate efforts to make technology transfer 
more effective. 

NASA technology has the potential to improve existing 
technologies and to develop new production technologies, pro- 
ducts and services. However, an improvement of the technology 
information dissemination system by itself is not likely to 
lead to a substantial change. Producing and reproducing in- 
foimiation about a technology where there are barriers in the 
application of this technology is not likely to lead to better 
results. In one case hundreds of TSPs were requested regard- 
ing a new gas turbine seal, but there were no applications 
because no firm was willing to take the necessary substantial 
commercial risk. If a procedure existed, e.g. a team approach 
to screening/evaluation by which NASA anticipated such a pro- 
blem, NASA could offer more help. For examaple, where potuntial 
user'- ct a new technology such as governmental organizations 
are identified, NASA might develop a prototype if the technical 
risks were so high as to inhibit further development. 

The key for solving the applications problem is a mechanism 
which enables NASA to explore tlie potential commercial environ- 
ment for a certain technology which is announced through the 
TT progrcun. This is the underlying basis for the suggestion 
of technology screening/evaluation using a team approach. 
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2 . Analysis of factors influencing the application 
of a new technology 

■"echnology transfer is a complex process which is not well 
understood (Hoelscher, Hummon, 1977, p. 76), especially hori- 
zontal technology transfer or secondary utilization. There 
may be hundreds of potential secondary applications of aero- 
space technolv'jgy , but it is extremely difficult to identify 
then. Indeed, it might be difficult to think of any useful 
applications of a new technology at all. Thomas Edison is 
reported to have thought that a phonograph would be used to 
record the wishes of dyo^ng men (Rosenberg, 1976a, p. 197). 

In the secondary utilization of aerospace technology, it 
is often remarkable how remote the secondary utilization is 
from the original space application. A joint NASA/military 
project on helicopter rotors produced a vioration dampening 
technology, now used in building guitars (Haggerty, 1978, p. 34). 

In anticipating secondary utilization one faces an "open- 
ended" problem. There will never be a method for identifying 
all the possible or useful non-aerospace applications of a 
NASA technology. "It is important that one never knows in 
advance if spinoffs will occur, or what their benefits may (or 
may not) be. Because of this uncertainty, spinoffs are nothing 
to bank on." (Thurow, 1978, p. 69.) It might bo worthwhile 
to initiate a potential appl icatio’^s "creativity-session" for 
selected technologies. Such value added to a purely technical 
description of a new technology might enable a reader of a 
TECH BRIEF to envision many possible applications and ultimately 
to develop a useful application. 
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Before one explores the potential value of a technology, 
an idea for the application of that technology is necessary. 

One can then begin to assess the impacts of factors influencing 
the technology transfer process. A knowledge of such factors 
and their impacts on technology transfer is important in esti- 
mating the probability of an industrial application of a 
technology. In the following paragraphs some of those factors 
are discussed. 

2 . 1 Factors which influence technology transfer. 

The following section describes some factors which generally 
influence technology transfer as well as specific factors which 
influence transfer from government R&D agencies to industry. 

o All technologies have certain characteristics making 
them advantageous for some applications and useless for others . 
The application of numerical control in the machine tool in- 
dustry is not economical for long production runs. Other 
factors like preparatory and maintenance work have to be taken 
into account, especially if a skilled work force is scarce. 

(see also: Ray, 1969, p. 58). One must also check the impacts 

of a new technology on the organization of the whole production 
system. This is extremely important in industries like the 
chemical industry which is characterized by close and inter- 
dependent relations between materials, energy and information 
flows. Often, a new technology - even if only a small piece - 
can only be used advantageously if the whole production system 
is reorganized. If the investment expenditures for the re- 
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organization are greater than the anticipated cost reductions 
caused by the use of the new technology, the latter will be 
ignored. 

It is extremel'^ difficult - if not impossible - to detail 
the general characteristics of technologies, due to the fact 
that production systems differ from industry to industry and 
even within a certain industry. Quite a few mathematical 
models have been developed to describe the behavior of an 
industry, e.g. the oil industry. But the value of those models 
for the explanation of industry's behavior concerning the 
adoption of new technologies is only moderate (Lapple, 1978, 
p. 284). Assume that there are two different technologies for 
the production of a certain product, one of which is relatively 
more energy consuming than the other one. VJithout specific 
knowledge about the production system of a firm, there is no 
way to anticipate which of the two technologies will be applied 
For example, the more-energy-consuming technology might produce 
valuable by-products which far outweigh the cost advantages 
achieved by using the less-energy-consuming technology. 

In the screening and evaluation of NASA generated tech- 
nology it is valuable to know about the factors described above 
It is extremely difficult to achieve such detailed knowledge 
on an industry-by- industry basis. In this context, technology 
screening/evaluation using a team approach would be a valuable 
asset in gaining knowledge about those characteristics of 
specific technologies which are relevant to the technology 
transfer process. 



VOLUME I, PART II.B.3 


173 


o The degrees of technical and business alignment 
between industries is an important parameter in the technology 
transfer process. It is reasonable to assume that the less 
alignment between industries exists the less likelihood there 
is of successful technology transfer between industries, and 
the more important technology transfer programs become in 
promoting the transfer process (see also: Kottenstette , 

Rusnak, 1973, p. 106). Therefore, knowledge of the degree of 
technical and business alignment between industries is essential 
to planning technology transfer programs. 

o Due to the fact that each field in science and tech- 
nology has developed its own information channels and has 
created individual problem-solving methodologies, there exist 
interdisciplinary barriers . Normally, people not trained in 
a special field are unable to communicate with people who are. 

The party unable to understand a certain professional language 
may be unwilling or unable to learn this language. Consequently, 
there exist barriers between fields in science and technology. 

The difficulty of overcoming interdisciplinary barriers can be 
assessed by analyzing an interdisciplinary field. In the 
American Journal of Operations Research about 10% of published 
articles are of interest to a special target group but actually 
only 2% to 4% reach this target group (see: PiersKw.ila, 1979, 

% 

p. 8) due to "language" problems. 

Of course, to overcome those problems specialized journals 
can be issued. The Operations Society of America is doing this, 
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fcr example, by issuing the Journal of Transportation Science. 

Within this Society there are plans to pursue this approach 
in other areas by issuing journals on such topics as public 
systems and marketing (Little, 1979, p. 4) . NASA uses a 
similar technique when it issues bibliographies in areas such 
as Aerospace Medicine, Biology, Earth Resources, and Energy. 

This approach, issuing journals in selected areas, has 
limited advantages. It is impossible to issue journals in all 
areas of potential interest and, furthermore, people are 
often reluctant to use new journals. 

A different approach could be adopted. Rather than issue 
journals, it is possible to develop close relationships with 
societies already covering a certain field and publish articles 
in established journals. A team approach to technology 
screening/evaluation is based upon strong relationships with 
organizations which cover dif^^rent areas in science and 
technology. Doors to these areas would then be opened. 

o Estimation of the relative efficiency of a new tech- 
nology in comparison to already existing ones is an important 
factor to take into account. Often a new technology offers 
few or no advantages in terms of technical and cost aspects 
when compared to those already in use (see also; Cooper, et al . , 

•» 

1973, p. 56). Sometimes engineers need a substantial amount of 
time to find out efficient ways to operate a new process. This 
is partici'larly true for chemical process industries due to 
the absence of a comprehensive understanding of the production 
process in many cases. 
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Often, technologies already in use experience substantial 
improvements when a new technology is expected to enter the 
market. For example, the slow diffusion of the steam engine 
in the United States was caused by improvements in water-wheel 
technology (Rosenberg, 1972/73, p. 24). Estimation of 
"switch-over-points," and the efficiency curves of old and 
new technologies, is a difficult task. In most commercial 
enterprises, it is rare that a new technology can be used 
with great success immediately. This situation delays the use 
of a new technology. The knowledge of this delay is of major 
interest due to the fact that the new technology might itself 
become obsolete prior to implementation. 

o In some cases one would fail in judging the value of 
a new technology without analyzing its "neighboring" technologies . 
To some extent, each technology is dependent on other technologies. 
For some new technologies, essential neighboring technologies 
might not be available. Consequently, one must overcome numerous 
bottlenecks (Rosenberg, 1976, p. 125). Often, efficient tech- 
nologies cannot be used because "parallel necessary technology 
did not arise elsewhere." (Locke, 1978, p. 25.) It takes time 
to make neighboring technologies available due to the fact that 
6 to 10 years are often required to develop a process from pilot 
stage to industrial scale. If such bottlenecks are anticipated, 
one can initiate appropriate steps to make the new technology 
more readily available for applications in the commercial area. 

o In almost all cases production technology is capital- 
intensive . If an industry is dominated by a small number of 
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big firms, they might agree to ignore a new technology in 
case it would cause a major impact on existing production 
technology. A study of Du Port rayon plants points out that 
delays in applying new technology stemmed from the fact that 
the new technology required new investments (Hollander, 1965, 
p. 199) . If capital goods already in use are relatively 
new and characterized by long life cycles, the long-run cost 
advantages of a new technology might be outweighed by short- 
term financial returns (Ray, 1969, p. 45). 

The behavior of the American steel industry in the fifties 
can be cited in this context. Although the oxygen furnace 
process had proven superior to the open-hearth process in 
Europe (Gruber, 1969, p. 43), the U.S. Steel industry switched 
over to the oxygen furnace process relatively late. The capi- 
tal intensiveness of the production technology seemed to be a 
major reason for this delay (see also: Gruber, 1969, p. 49, 

50). A spokesman for the U.S. Steel Corporation said that: 
"Nobody who has efficient open-hearth furnaces is going to 
throw them out to buy oxygen furnaces. We waited until we 
needed to replace old capacity." (in: Ray, 1969, p. 45.) 

On the other hand, if a new technology is able to overcome 
bottlenecks in an existing production system and thereby offer 
incremental change compatible to the existing technology, it 
is likely that such a technology would be used immediately. 

An investigation performed by Wright points out that industry's 
interest regarding those NASA generated technologies offering 
improvement on existing technologies was nearly eight times 
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greater than industry's interest in technologies not compatible 
to those already in use (cited in: Chakrabarti, 1972, p. 7). 

o An important factor in technology transfer is the 
comparative advantage a firm gains in using a new technology. 

In judging contractual arrangements one should take into account 
that "the smaller the variation in comparative advantages among 
prospective innovators of the same idea the less will the exclu- 
sive right to invent be worth, even if the returns were fully 
capturable" (Cheung et al., 1976, p. 19). 

Regulations requiring mandatory use "of the best available 
technology" are also an important consideration. In a case 
where a new technology will turn out to be a "best available 
technology," an innovator will not enjoy a comparative advantage 
due to the fact that other firms are forced by law to follow. 
Furthermore, other firms then have an incentive to hinder 
potential innovators (Hill, 1975, p. 139) . 

Another case to consider is a major change of the produc- 
tion technology in an entire industry branch . At present, 
some 80 percent of products in the chemical industry depend on 
oil. To switch to coal, major changes must take place. If one 
firm goes ahead it will face tremendous risk. Other firms, 
choosing the "second is fastest" strategy, would gain technical 
knowledge by monitoring the research work of the innovator 
(Thurow, 1978, p. 70). They will follow only if it is econom- 
ical to do so. The first firm may not gain substantial compar- 
ative advantages. If one is able to anticipate such factors, one 
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can arrange appropriate steps; for example, joint projects 
between NASA and all major firms within an industry branch, 
or an industry association. 

o New technologies are both market-creating and market- 
destroying . Market-destroying effects will be greater the 
more existing technology is integrated into the production 
system. It is important to realize that it is insufficient 
to assess those effects only at the firm level. For example, 
replacement of pesticides might impact the cosmetics industry 
because both industries use common raw materials. Also, 
restrictive sulphur emission standards caused oil companies 
to develop technologies to produce sulphur out of their residuals. 
Consequently, medium-sized firms which produced sulphur out 
of elementary sulphur were nearly eliminated. Finally, West 
Germany experienced labor strikes due to the introduction of 
text processing technologies. Printers were frightened of 
losing their jobs overnight. 

Attempts of oil companies to achieve control over com- 
petitive uranium and coal technologies "r'ay be seen as 
attempts to assure long-term market control by minimizing the 
potential threats arising from technological breakthroughs in 
the provision of substitute products." (Rosenberg, 1976b, 
p. 533). A recent example is the behavior of the e^ ;tric ^ 

utilities towards so. .r power due to the fact that such a 
decentralized energy source does not fit the structure of 
existing centralized power line networks (Commoner, 1979, 
pp. 69-71) . 
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Those excimples clearly show that the market-destroying 
effects of a technology may lead to the non-application of a 
new technology or at least a delay in the diffusion process. 

In assessing the value of a new technology, it is important to 
keep in mind that it must "become an element of the socio- 
technological fabric" (Hoelscher, Hummon, 1977, p. 78) and 
for a firm "of the various kinds of environmental change, 
few are more pervasive or important than technological change" 
(Cooper et al., 1973, p. 54). 

o Regulation is an important factor to take into account . 
A major influence is expected from regulations implemented in 
the form of so-called design characteristics. A firm may feel 
it is inconvenient to try to change governmental rules for the 
benefit of a mino'* improvement and thereby will not use a 
technology which only leads to moderate benefits. 

However, careful analysis can help anticipate industry's 
behavior. Regulation causes technology arrestment as well as 
technological advance. One of the industries most affected by 
environmental regulation is the chemical and allied products 
industry. This industry claims that this kind of regulation 
leads to a decline in capital productivity due to the fact 
that investments for reduction of emissions decrease the amount 
of capital used for the production line. This argument holds 
true, but only assuming that no technological advances are 
made. Indeed, under this assumption a substantial quantity of 
capital has to be invested for the treatment of residuals 
without any benefit for the production processes. An investi- 
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gation performed in West Germany (Meissner, Hoedl , 1978) 
showed that industry has strong incentives to change this 
"unpleasant" situation, and one efficient means to do so is 
to change the production technology. In this case, regulation 
caused a need for new technologies. In general, only detailed 
analyses will lead to a well balanced judgement about the 
impacts of regulation on technology transfer. 

o Another extremely important factor is the relation 
between the development of a technological innovation and the 
development of the diffusion process . It seems reasonable 
to assume that industry will slow down the adoption of new 
technologies if the speed of innovations is high. This 
assumption is based on the fact that firms face the danger of 
investing in "soon-to-be-obsolete technology." (Rosenberg, 
1976b, p. 534 .) iVhile such a pattern might be characteristic 
of a lot of cases, it does not hold for all. In the computer 
industry, importcint innovations are characterized by a diffusion 
time of 3 to 5 years; innovations of less importance are 
delivered to the market within 1 year. Firms must be heavily 
active in R&D in order to achieve a competitive position in the 
market (Dunn, 1979, pp. 3-4). 

Competition is a strong force in promoting the application 
of new technologies (Gruber, 1969, p. 40). In assessing rates 
of innovation and diffusion, competition should be taken into 
account . 

o Dependent on its stage of development, a firm shows 
different responsivenessi to different kinds of innovations . 
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Utterback offers the following model for explaining this 
phenomena (1976, p. 36): 

During the first stage, development is based on product 
change primarily. Consequently, product innovations have 
priority over process innovations. Based upon experiences, 
e.g. in the semi-conductor industry, firms concentrating on 
process innovations in this early stage face the danger of 
improving the production-technology of a product which soon 
becomes obsolete. 

The second stage finds established firms in an industry 
looking for process innovations. These small changes, com- 
patible with the existing production system, reduce costs of 
existing products. 

In the last stage, established firms have an incentive 
to delay major technical changes because of the inflexibility 
of capital-intensive production systems. It might be possible 
to obtain such knowledge by monitoring the development of an 
industry . 

Those factors influencing technological change mentioned 
above provide a few hints; the list is neither complete nor 
exhaustive. Yet, the rather brief discussion showed the 
importance of those factors and the difficulty of exploring 
their impact on technology transfer. To make technology 
transfer more effective, however, knowledge about such factors 
seems to be essential (see also McClain, 1976, p. 116). There- 
fore, I will now explore the impacts of such factors on the 
second.^ry utilization of aerospace technology. Anticipation 
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of those impacts is a necessary condition for choosing 
appropriate steps in "putting technology to work." 

2 . 2 Factors influencing technology transfer from a government 

R&D agency to industry . 

The factors discussed above are generally important. 

Those factors analyzed in what follows are of particular 
interest if the transfer process takes place between a govern- 
mental agency to industry. The analysis will focus on such 
factors important to NASA's TU program. 

o For the successful introduction of a new technology the 
relation between innovation and innovator is most important. 
Therefore, m.any firms have adopted a procedure whereby the 
innovator becomes the product manager for his own product. This 
reflects the fact that an innovation needs a key individual 
who pushes it from innovation to commercialization. An empirical 
investigation of NASA generated technology further points out 
that the involvement of the innovator in the usage of the inno- 
vation is important for success (Chakrabarti , 1972, p. 28). 
Furthermore, an investigation of federally funded demonstration 
projects showed that in cases where the project initiative 
originates from nonfederal sources, the diffusion process is 
better than projects initiated by a federal agency (Baer et 
al. , 1976, p. 48) . 

o Psychological barriers to the use of government in- 
formation and technology and, to some extent, the restricted 
availability of government information must be taken into 
account. Up until now industry has hesitated to use govern- 
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mental information and technology. There is - justified 
or not - a concern that government might try to influence its 
activities or at least monitor requests. This problem is re- 
inforced because NASA's data ba>je is not as easily available 
as other federal data bases. But it seems likely that such 
barriers can be overcome. A DRI study points out that users, 
if they have once used NASA services successfully, are likely 
to do so in the future. A review of the nunioer of users of 
NASA's data base appears to show an educational process taking 
place . 

Concerning the restricted availability of NASA literature, 
it is worthwhile to think about improvements. It normally 
takes a user 1 to 2 weeks to receive the printouts of a 
literature search service. The information is rarely published 
in widely avciilable professional journals. Instead it is 
published in NASA journals which are in most cases only avail- 
able in NASA Centers and through the National Technical 
Information Service. Consequently, it takes at least one to 
two months before a user receives the information. 

Further, it might be valuable to improve the "On-Site" 
literature search service. An intelligent user should be 
able to screen the information while sitting at the terminal; 

% 

under current conditions, it is too time consuming to do so. 

To improve the procedure, "touch-panel" terminals could be 
installed at the Industrial Application Centers. Those in- 
dustries remote from the aerospace industry are more likely to 
be attracted if access to NASA information is made easier. 
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o The value of NASA generated technology is of critical 
importance. NASA's philosophy - especially rhat of the lAC's - 
that it is wasteful "to reinvent the wheel" - is often not 
accepted by industry regarding NASA generated technology (see 
e.g. Olken, 1972, o. 617). It has been argued that NASA 
technology is the result of reorganii’ing what was alre ' '’v at 
hand, that is to say NASA technology iacks novelty. Miniatur- 
ization was a new concept in the sixties but is now a well- 
known design technique. In general, government information 
is characterized by the label: too much, low value. 

To counter such labels, many factors must be explored. 

At first, it is quite natural that "massive-mobilization R&D 
projects" (Thurow, 1978, p. 30) lika Apollo and the Space-Shuttle 
can be successfully performed only if the basic knowledge 
aoout the technologies employed already exists. 

This means that NASA technologies are in a much more 
advanced application stage. This should not be confused 
wxth the value of such technologies. This situation reirZorc.- 
the need to develop a technological classification scheme which 
separates basic knowledge, engineering-application knowledge 
etc. This classification scheme would enable NASA "to shoot" 
at appropriate target groups with efficient transfer mechanisms. 
It is extremely important that a rapid transfer of engineering- 
applicacions takes place due to the fact that such knowledge 
rapidly becomes obsolete. In such cases, it is not a question 
of technological availability but of whether the technology 
IS known Lo all potential users. This leads to a second 
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important fact. A certain technology might be well known; a 
special technique might be general knowledge in one industry, 
but there is no way to know if this knowledge is available to 
other industries as well. Vertical technology transfer, a 
process within one industry, works quite well. In contrast, 
there are no established mechanisns for horizontal technology 
transfer, a process which takes place across organizational 
and industry borders. Kottenstette and Rusnak describe these 
three caveats (1973, p. 106): 

(i) "Firms have varying degrees of technological alignment 
with aerospace and their relative alignment is of 
primary importance in affecting secondary utilization." 

(ii) "Increased distance from the aerospace sector (less 
alignment with aerospace) decreases the likelihood 
of new technology adoption through diffusion." 

(iii) "Increased distance from the aerospace sector implies 
that a planned effort is required to provide access 
to the aerospace technology." 

Communication between firms is important to the transfer 
of technologies (see Utterback, 1971, p. 82, 83). To estimate 
the value of aerospace technology for other industries, cne 
might use an "alignment structure" plan: (described below) and 

organize transfer efforts aroimd such a plan. 

Such an alignment structure plan can be illustrated in 
the form of a graph or a matrix which describes relations 
between firms. Such an approach was used by Czepiel (1975' to 

% 

explore the diffusion of the continuous casting process in 
the steel industry. The arcs in the graph, or the elements in 
the matrix, represent two kinds of flows — material and informa- 
tion. It is valuable to consider firms and other organizations 
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of the private and governmental sector which influence the 
technology transfer process. That is to say, the alignment 
structure plan should represent the entire "technology 
delivery system." The main cciiiponents of a technology 
delivery system are: source of R&D funding, R&D performers, 

material supplier, manufacturer of the capital goods, pro- 
ducers of the product, distributors, ultimate users (see 
also: Yin, 1978, p. 13) . 

In exploring the value of NASA technology for industry 
one should keep in mind that this technology has been developed 
for NASA mission-oriented R&D projects. This is to say that 
the technology is not developed in a commercial environment. 

There is a trend, as in the military field, to produce such 
technologies as soon it is technically feasible. Technical 
feasibility is no guarantee of commercial success. Of course, 
there are a lot of fine, commercially successful technologies, 
like integrated circuits, jet airplanes, etc. But there are 
other cases, like the nuclear-driven ship. 

To sum up, estimating the value of NASA technology is not 
easy; it requires knowledge or at least three primary components. 
First, the stage of technological development, from vague ideas 
to prototypes. Second, the relation of other industries to 
the industry generating the technology. Third, the commercial 
"shape" of the technology. 


27 


VOLUME I, PART II. B. 3 


187 


o Aside from the specific value of NASA generated 
technology the value of externally generated information 
about technologies in general has to be taken into account. 
Many firms believe that externally generated knowledge, when 
compared to its own R&D, is not as unique as is often claimed 
(VDI, 1979, p. 18). It is important to realize that in any 
case the firm must check the information. As a result, the 
value of a Tech Brief is known to a firm only after a check 
of its content; that is to say, after the firm 'uts invested 
time and money (Johnson et al., 1977a, p. 11). 

Refusing to adopt externally generated technology seems 
to be typical of U.S. firms, at least when compared to firms 
in Japan and VJest Germany. There is some feeling that "an 
overall increased sensitivity to and utilization of outside 
technology must be developed..." (Gee, 1978, p. 212). In 
general, such behavior is caused by factors described in the 
previous section. For example, in chemical industries there 
are huge and complex integrated production systems. The 
change of one element might impact on many other elements. 
Therefore, incremental improvement is typical; major changes 
of the production technology tend to be delayed. Major new 
technologies are often created outside the established firms 
but are, in many cases, neglected due to the large capital 
investment in existing technology (see also: Abernathy, 

Utterback, 1978, p. 41). Firms in the U.S. have also been 
reluctant to undertake cooperative programs. While these 
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programs are quite common in Europe only a few exist in the 
United States (U.S. General Accounting Office, 1978, p. 58). 

In the future rhis problem might be partly eliminated. The 
experience of MIT after working with industry under a NSF 
grant for several years indicates that once firms "enter into 
cooperative research, they discover that it does not threaten 
their competitive position" (U.S. General Accounting Office, 
1978, p. 60) . 

The factors discussed above are only a few out of a large 
set. It is not intended to provide a crnplete list. An 
attempt was made to demonstrate that government R&D agencies 
face specific difficulties in promoting technology transfer, 
difficulties which add up to those confronting technology 
transfer in general. 


2 . 3 Summary evaluation of factors influencing technology transfer . 

After having discussed factors influencing technology 
transfer in general and in particular those factors influencing 
transfer from a government R&D agency to industry, a short 


summary is provided in the following: 


Factors Influencing Technology 
Transfer in General 


o relative efficiency of new 
technologies compared to 
those already in use 

o availability of neighboring 
technologies 

o capital intensiveness of 
new technologies 

o value of externally generated 
information about technologies 

29 


Factors Influencing Technology 

Transfer from Government R&D 

Agencies to Industry 

o psychological barriers to use 
of government generated in- 
formation and technology 

o value of NASA generated 
technology to industry 

o relation between innovation 
and innovator 
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Factors Influencing Technology 
Transfer in General (Cont'd) 

o comparative advantage 
achieved by the entre- 
preneur 

o market-creating and market- 
destroying characteristics 
of new technologies 

o interdisciplinary barriers 

o technical and business 
alignment between 
industries 

o major changes of the pro- 
duction technology in a 
whole industry branch 

o regulation 

All of these factors may influence technology transfer 
in a negative manner; at least to delay adoption of a new 
technology. Therefore, to solve the application problem 
described in the introduction of this paper, it would be ex- 
tremely useful to explore NASA technologies with regards to 
such factors. If the results of such investigations are added 
to information about a certain technology, benefits might be 
achieved. In case e new technology is announced by NASA, it 
might be useful to know to what degree this te«_lmology fits 
current industrial patterns. One can identify material sup- 
pliers, producers of equipment, etc. which are able to supply 
the technology. Such knowledge — gained by exploring factors 
influencing the transfer process — provides a basis from 
which to choose the right steps to put a technology to work. 

To some extent, such value-added functions are performed by 
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staff members of the Industrial Application Centers. Users 
of the lACs' services can be directed to other organizations 
working in a certan field. Furthermore, staff members of the 
lACs provide valuable information concerning market analyses. 

In order to realize a real breakthrough in technology transfer 
such services should be provided on a comprehensive basis. 

Under current conditions the screening and evaluation 
process concerning the Tech Brief is performed mainly by the 
Technology Utilization Officers at the single NASA Research 
Centers in conjunction with the Illinois Institute for Tech- 
nology Research Institute. The screening/evaluation process 
employs the following criteria; 

o marketing potential 
o novelty 
o technology 
o nonaerospace potential 

If an in-depth analysis of the factors influencing tech- 
nology transfer is performed, it is likely that procedures can 
be developed providing for substantial improvement in the 
screening and evaluation process. Concerning the screening 
and evaluation criteria of "marketing potential," the following 
procedure might be developed, 
o Marketing Potential 

Market Destroying o Identification of already 

Effects existing technologies to be 

replaced in part or in total . 

o Anticipation of improvements 
of technologies to be replaced. 

o relative efficiency of existing 
and new technologies over time. 
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Market Destroying o Estimation of future rate of 

Effects (Cont'd) innovations concerning the 

new technology. 

o Necessary reorganizations of 
existing production systems 
to integrate the new technology. 

As mentioned before, new technologies are both market 
creating and market destroying. The market-destroying effect 
is important in the development of market-potential es\_imates. 
First, existing technologies which are likely to be replaced 
in whole or in part should be identified. In many cases 
those technologies already in use undergo substantial im- 
provements if a new technology is expected. Therefore, such 
improvements should be anticipated. Such investigations 
establish a comparison of the relative efficiency of the 
technologies already in use, and the new technology to be 
introduced. This relative efficiency is one of the important 
decision criteria in determining if a new technology will be 
used. Furthermore, the potential for further technological 
innovations should be checked due to the fact that industry 
is reluctant to invest in soon-to-be obsolete technology. 

Also, necessary reorganizations of existing production systems 
in order to integrate the new technology should be considered. 

The information dissemination process might be made more 
effective if the dissemination strategy were based upon a 
structure alignment plan which indicated to what extent organi- 
zations influencing technology transfer are linked together. 

After discussing a screening and evaluation procedure 
which tahes into account factors influencing technology transfer. 
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I will undertake an analysis of policy options to enhance 
technology transfer. 

Technology transfer has often been described as "tecnnology 
push" or "demand pull." Most empirical studies point out the 
superiority of demand pull. However, R&D agencies, like NASA, 
are likely to push technologies. New technologies need pushing 
in order to overcome barriers, especially in early transfer 
phases. Often R&D agencies fail to push a new technology when 
industry has a need for it. In exploring factors influencing 
technology transfer, as mentioned before, NASA should incor- 
porate industry's needs in its information dissemination 
policies. The outcome of this approach would be a mixed policy, 
linking technology push and demand pull. This approach is 
in line with recent findings. An investigation performed by 
Mowery and Rosenberg (1979) provides an in-depth analysis of 
eight of the best known empirical studies on technological 
innovation which all support the demand pull policy. The 
authors of the investigation, in analyzing these empirical 
studies, claim that "the role of demand has been overextended 
and misrepresented, with serious consequences for our under- 
standing of the innovative process and of appropriate government 
policy alternatives to foster innovation" (Mowery, Rosenberg, 
1979, p. 3). In the conclusion of their study, the authors 
point out; 

The existence of an adequate demand for the 
eventual product is, of course, an essential — a 
necessary--condition . But, we suggest, the demand 
pull approach simply ignores, or denies, the operation 
of a complex and diverse set of supply side mechanisms 
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which are continually altering the structure of 
production costs (as well as introducing entirely 
new products) and which are therefore fundamental 
to the explanation of the timing of the innovation 
process . 

At a more general level, the conceptual under- 
pinnings of the "demand-pull" case are perhaps even 
more fundamentally suspect. Rather than viewing 
either the existence of a market demand or the 
existence of a technological opportunity as each 
representing a sufficient condition for innovation 
to occur, one should consider them each as necessary, 
but not sufficient for innovation to result; both 
must exist simultaneously. (Mowery, Rosenberg, 

1979, p. 57.) 

In sum, successful technology transfer must be based upon both 
technology-push and demand-pull (see also: Hoelscher, Hummon, 

1977, p. 82; Gilpin, 1976, p. 170). 

As such, NASA might consider the "timing of publishing." 

To push a new technology at a time when industry has an urgent 
need is likely to produce more success than announcing a new 
technology at any time. An empirical study of NASA generated 
technologies published in a TECH BRIEF points out, that "the 
degree of urgency of the problem to which the technology was 
related seemed to be an important factor..." (Chakrabarti , 1972, 
p. 162). At a time of low gasoline prices, where no substantial 
change is expected, it is not appropriate to push electrical 
automobile engines. But when gasoline prices are increasing, 
indus-.v might well be responsive. 

Of course, one might argue that it is not NASA's task to 
explore industry's n<^eds and that NASA should announce new 
technologies when they are produced, making sure that the infor- 
mation can be retrieved by indusLry at any time. Nevertheless, 
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hitting the right target group at the right time with the 
right information might lead to more effective technology 
transfer and "timing of publishing" might be a method worth 
considering . 

In general, incorporation of users' needs in policies for 
technology transfer is essential. This kind of approach is 
now commonly employed by R&D funding organizations (Yin, 1978, 
p. 12, 13); NASA's TT program is an excutiple. It is not a 
question of whether or not a government R&D agency (like NASA) 
should employ such an approach, but rather it is a question 
of how to implement it. 

3 . Assessments of Arguments for a Team Approac h 
to Screening/Evaluation 

3 . 1 Advantages of a team approach to screening/evaluation 

The objective of this discussion is to describe possible 
positive effects on the technology transfer process of tech- 
nology screening/evaluation using a team approach. 

o One main advantage of screening and evaluation by a 
team of industry /government individuals is that this approach 
may come to grips with everchanging factors which influence 
technology transfer. The discussion in previous sections has 
outlined the difficulty of determining which factors influence 
(positively or negatively) technology transfer. Furthermore, 
underlying cause-effect relations are not constant but change 
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over time and are difficult to anticipate. The author of 
this paper assumes that a complete understanding of the factors 
influencing technology transfer will never exist. This is 
probably the main reason that the vast number of empirical 
studies on technology transfer have provided only limited help 
to policy makers formulating policies to enhance technology 
transfer. 

However, an effective transfer system should allow a 
rapid check of which factors influencing technology transfer 
are relevant — even in a time of rapidly changing cause-effect 
relations — and thereby make possible the choice of an effective 
transfer mechanism. A tecim approach might fulfill this task 
because organizations influencing the technology transfer 
process would participata in the screening and evaluation 
process. Thus, the opportunity exists for all relevant infor- 
mation to be promptly available. For NASA this approach would 
provide a valuable opportunity to ask "what-if" questions of 
extremely knowledgeable and technically capable partners. 

o Assuming that other organizations joined the screening/ 
evaluation process, it is likely that a balanced assessment 
of the pot ential value of NASA generated technology would be 
possible. Furthermore, because most NASA technology is pro- 
duced under relaxed commercial restrictions, aid because tech- 
nological feasibility alone is no guarantee that a certain 
technology will be commericializable , industry hesitates "to 
pick up" such technologies. 
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Also, shortcomings in technology transfer occur because 
potential users lack relevant information concerning commercial 
feasibility (Udell, Johnson, 1978, p. 177). With the help of 
other organizations, NASA might be able to provide such valuable 
additional information and thereby increase the probability 
of successful transfers. 

o An important "by-product" of a team approach to 

screening/evaluation would be access to other transfer mediums. 

In case a professional society participates, one .tiight think 

of announcing NASA generated technology in a variety of ways: 

in a professional society journal 
under NASA's naime 
anonymously 

as a standard publication 
in an "innovation column" 

in a journal issued by both NASA and the professional 
society, etc. 

There are many possibilities. The outcome of such options would 
be (cimongst others) ; 

a higher reputation for NASA technology because the 
reader would consider NASA information as competitive 
wit’i other infonnation announced by a professional 
society 

better access to NASA nformation 
Concerning access to NASA information, it was mentioned 
previously that under current conditions NASA information is 
not that easily available to a potential user. Most information 
is only published in NASA journals, such as contractor reports, 
and it often takes a month or more to receive them. That is 
too long a time lag for serious inquiries. In contrast, pro- 
fessional society journals are availaole everywhere, and it is 
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likely that a potential user of NASA generated technology 
would be a regular reader of such journals. 

Further, technical information is only one factor in 
stimulating technological innovation. Education, training 
and experience also play an important role in that they prepare 
target groups fr>r new technologies (Utterback, 1971, p. 80). 

If universities and professional societies joined the screening 
and evaluation process, it would create an opportunity to 
disseminate NASA generated technology by means of training 
and education. In the long run this might lead to a sub- 
stantia] increase in technology transfer. To sum up, NASA 
technology could be disseminated on a much wider basis using 
existent and effective non-NASA channels. 

o It is possible that the screening and evaluation process 
itself, through the participation of other organizations, would 
become a transfer process. This is particularly true when so- 
called industry "gatekeepers" join the screening and evaluation 
team (see alsor Utterback, 1971, p. 64) . This characteristic 
of the team approach is of substantial importance. Several 
studies point out that oral communication is an effective means 
for the transfer of innovations because it provides ranid feed- 
back communication (see: Tushman, 1978, p. 625). However, 

along with this benefit, there is the p«is3ibility that NASA 
might lose some control of the transfer process. 

o Technology transfer is a national goal and is not the 
exclusive responsibility of any government R^D agency alone. 

The aim of the transfer process is tc improve the nation's 
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economy and is therefore the joint responsioility of all 
societal groups. Participation of other groups should not be 
judged as a shortcoming within NASA, but rather as a construc- 
tive means to enhance technology transfer. 

o Concern about competition between government R&D 
agencies and industry is frequently mentioned. It is argued 
that national laboratories engage in "research on technology 
of commercial significance and thereby directly compete with 
private industry" (Hollomon, 1979, p. 39). For instance, the 
KcNeil-Schwindler Co. protested NASA's maintenance work on 
NASTRAN (a NASA computer program) , claiming that such work 
should be performed by private software houses. Evidence is 
also cited to the effect that comi.iercial R&D performed by a 
government agency alone might be inefficient (Hollomon, 1979, 
p. 32; Gilpin, 1976, p. 170) . A team approach would establish 
a forum in which the parties concerned could discuss such 
problems at an early stage. 

o A team approach to screening/evaluation would be 
effective as well, due to the screening of technologies which 
have no value for industry. In some recent literature on 
technology innovation, technology, etc., the need for a team 
effort to promote technology innovation and technology transfer 
has been identified and evaluated. 

3 . 2 Disadvantages of a team approach to screening/evaluation . 

Since the early sixties, government-industry relations — 
enforced mainly through regulation — have been of major concern 
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to both E-^rties. All major firms now have at least one full- 
time Washington, D.C. representative. Industry does not 
passively accept government procedures. To the contrary, in- 
dustry plays an active role. Established firms have large, and 
high-quality staffs dedicated to government relations. One 
of these tasks is to monitor government agencies ' performance 
and to anticipate their future activities. 

Keeping this in mind, it is rather naive to assume that 
industry would not use the possibility of a team api “oach to 
screening/evaluation to try to influence NASA's activities. 

A possible outcome would be the over identification of NASA's 
work with industry's interest. Over identification of govern- 
ment agencies with industries is a well-known fact. One 
opinion of the Federal Communications Commission (FCC) states 
that: "...the root of the FCC ' s problems is the agency's 

overidentification with the industries it regulates, its over- 
identification with the powerful and entrenched elements, in 
contrast to new and emerging facets or technologies, of the 
industries regulated" (Geller, 1975, p. 706) . In this view, 
cause and effect are clearly described. Overidentification of 
a government agency with industry leads to a slowdown of tech- 
nological advance. This is discussed in greater detail below. 

o One of NASA's roles as a governmental R&D agency is 
to undertake R&D projects with high-risk, long-term pay off, 
high social rate of return as compared to the private rate 
of return, etc. Normally, private industry is unlikely to 
engage in such projects. The lack of private sector initiative 
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in the development of communication satellite technology after 
1972, when NASA's efforts were curtailed, is a case in point 
(see: Office of Science and Technology, 1978, p. 4). 

o Some of NASA's nicjocts stem from high priority 
industry needs. For industry, NASA is a prime source of 
R&D funding. Potentially a tecim approach to screening/ 
evaluation could be misused for "doing industry's work." 

o Also, the possibility of unfair technology transfer 
exists. If a team approach to screening/evaluation is estab- 
lished, NASA must offer the body of its knowledge to all 
participating parties. 

o The team approach will only work if an appropriate 
climate of confidence is created. Members might not express 
their thoughts if they are likely to read them in the news- 
papers. Therefore, the team approach micht not work under the 
conditions within which government organizations must operate. 
Strictly speaking, the "protection of the public interest" is 
critical . But it is often claimed, for example, that labor 
unions and "consumer representatives" should join industry 
committees (see e.g.: Brown, 1970, p. 31). In the past, in 

connection with follow-up analysis of industry's use of lAC 
services, NASA has experienced industry's sensitivity uO 
information. The team aporoach has the potential of indicating 
to NASA which NASA-generated technologies are of substantial 
interest to industry; thereby providing a most valuable 
basis from which NASA can make its information dissemination 
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program more effective. But if the necessary condition of 
confidence cannot be created, the value of a team approach to 
screening and evaluation will only be moderate. 

o In establishing procedures where other parties join 
the planning and decision-making of a government organization, 
one must recognize that the non-governmental members of the 
team are likely to try to shift the risk of failure to the 
government agency. On the other hand, NASA cannot delegate 
its responsibility for secondary utilization of aerospace 
technology to the team. If the team approach is adopted, 

NASA must maintain the ultimate responsibility for cechnology 
transfer . 

A team approach to screening/evaluation then has ad- 
vantages as well as disadvantages. The disadvantages — at 
least most of those mentioned above — occur by an overidentifi- 
cation of NASA with industry's interests. Yet, this possibility 
seems unlikely. Government agencies can be put in two main 
categories; industry-oriented (e.g. FCC) and functionally- 
oriented, or crosscutting (e.g. EPA) . While industry-oriented 
agencies may be captured by the interest of the industry they 
regulate, this may be less likely for functionally-oriented 
agencies (see also: Weidenbaum, 1978, p. 10). In the secondary 

utilization of aerospace technology, i.ASA can be described as 
a functionally-oriented agency, with the task of transferring 
technology to all non-aerospace industries. The possibility 
of being captured by the interests of a single non-aerospace 
industry exists but does not seem to be a real threat. 
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3.3 Review of a team approach to screening/evaluation . 

Only a comprehensive analysis will indicate the advantages 
and disadvantages of a teeun approach to screening/evaluation 
of NASA generated technology. Critical to the success of such 
an ai-p.oach is the organizational structure which provides the 
basis for cooperation between NASA and the participating 
parties : 

o Should other participating parties serve as an 

advisory board to provide suggestions and recommen- 
dations, leaving decisions to NASA? 

o Should NASA be only one party among many, that is to 
say should NASA have no special power concerning 
decisions? 

o Should NAS.A and other parties be bound together in an 
advisory board and the responsibility for decisions 
be given to another federal organization? 

These and other organizational options should be comparatively 
analyzed . 

The advantage of a team approach to screening/evaluation 
is provided through the direct participation of private and gov- 
ernmental organizations which influence the technology transfer 
process. It can be assumed that the team approach has particular 

% 

potential when the operationj are based upon people rather than 
on fixed procedures. Procedures, most valuable for routine 
tasks, are not appropriate to the exploration of the changing 
factors which influence technology transfer. But this pattern 
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is twofold, in being dependent on the capability of the in- 
dividuals joining the team, the performance of teeun members 
is a source of pctential success and failure. This should be 
taken into account, especially in the implementation phase. 

It might be effective for NASA — before announcing the im- 
plementation of its team approach to screening/evaluation — 
to very ca»:efully select individuals who are both capable and 
willing to perform the task. This selection process might 
best be achieved through informal contacts, keeping publicity 
very low. Furthermore, in case this screening/evaluation 
method is adopted, NASA should resist ary moves to demonstrate 
its potential before the team is stabilized; that is to say, 
not until all individuals joining the team have accepted 
their role within the team and a climate of confidence has 
been created. 

4 . Potential members for the team . 

The intention of this section is to cite and briefly 
describe organizations which could participate in the team 
approach to the screening/evaluation. Once again, only a 
comprehensive analysis can provide in-depth insights. 

o One source of participants are industry specific 
R&D institutes . Besides the R&D effort of specific firms, 
there are often R&D projects undertaken by all (or the most 
important) firms within an industrv branch. In some industries 
those R&D activities are institutionalized in the form of 
R&D institutes, e.g. the Chemical Industry Institute of 
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Toxicology. This institute is funded by the largest U.S. 
chemical com^'anies and investigates the toxicology of non- 
proprietary chemicals (Hiss et al., 1975, p. 97). In West 
Germany the "Institut der Stahl- und Eisenindustrie , " has 
performed important studies for the steel industry on the 
development of mathematical process models for contrcj. of 
blast-furnace processes. 

Normally, such institutes know the characteristics of 
technologies already being used and those in research 
programs. This knowledge would be extremely useful in iden- 
tifying those NASA technologies having potential value for a 
certain industry. Furthermore, such institutes might prove 
useful in aiding NASA's development of prototypes. 

o Another valuable organization might be industry 
associations . Industry associations possess substantial 
knowledge about the R&D performance of the industry they 
represent. For example, the association of the chemical 
industry knows under v;hich circumstances this industry will be 
willing to switch from coal to oil. Therefore, NASA is 
able to grasp "what is going on in industry" and to prepare 
appropriate transfer efforts at the right time. NASA might 
also gain knowledge about typical industry R&D policies. For 

% 

example, in areas such as semiconductors, electronic sub- 
assemblies and scientific instruments, process innovations are 
not "manufacturer dominated" but "user dominated" (Hippel, 

1976; Hippel, 1977, p. 60; Abernathy, Utterback, 1978, p. 42). 

In other industries, raw maLC'"'al suppliers or the producers 
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of capital goods might dominate innovative behavior. In 
processing such knowledge, NASA would enhance its ability to 
address the right target group with information about new 
technologies . 

As mentioned earlier, NASA technology transfer managers 
may lack "commercial experience." With the help of indusiry 
associations NASA might be cdDle to use commercial facts to 
provide useful value-added technological information. 

o The possibility also exists that single firms might 
join the screening and evaluation process of NASA technology. 

At first glance, it seems that industry R&D line managers 
would oe highly qualified to perform such work. But diffi- 
culties in selecting firms would undoubtedly arise. These 
difficulties can be avoided through the use of industry 
associations and professional societies. 

o Professional societies might be a valuable organization 
for screening and evaluating NASA's technologies. In most 
cases such societies represent a substantial part of pro- 
fessionals working in a certain field, and they generally 
have good reputations. In some cases those societies already 
evaluate new technologies and offer education to their members 
concerning those technologies. Education is importcint. The 
mere existence of a technology is not sufficient; a capability 
to use it must be developed (Gee, 1978, p. 109). 

In West Germany, starting in 1978, the Ministry of 
Science and Technology realized the high potential value of 
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professional societies. The societies perform work similar 
to that of NASA's Industrial Application Centers. 

In an investigation about "diffusion and utilization of 
scientific and technological knowledge within state and 
local governments" it is noted that professional engineering 
societies, e.g. the American Society for Mechanical Engineering, 
are interested in becoming involved in the area of technology 
transfer (Feller, Flanary, 1979, p. III-41) . 

o In some cases it might be worthwhile to think about 
the possibility of including certain government agencies in 
the screening and evaluation process, at least on a case-by- 
case basis. This is due to the fact that while technologies 
might improve productivity or dampen inflation, they might 
also have side-effects for health, safety, environment, 
etc . 

The costs of determining if a new technol gy will obtain 
regulatory authority approval can be an important factor in 
the introduction of innovations in technology (Kollomon, 1979, 
p. 33; see also: Weidenbaum, 1978, p. 17-20). If the concerned 
government agencies participate in the proposed screening and 
evaluation process of new technologies, they could facilitate 
the innovation process. If regulatory information were added 
to the technical description of a new technology, a potential 
entrepreneur could more readily assess its commercial prospects. 

o Organizations within the university community present 
another possibility. There are two groups of major importance, 
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scientific and technology utilization personnel. Professors 
are a very valuable group to have join the screening and evalu- 
ation process. Furthermore, in this case it is worthwhile to 
consider a secondary benefit of using universities. Univer- 
sities are of substantial importance as a transfer medium and 
would link NASA directly to the professionals of tomorrow. 

One might also think about university technology utili- 
zation personnel. In recent years university administrations 
have explored the revenue generating value of university 
generated inventions (Udell, Johnson, 1978, p. 175) and by now 
quite a few universities are active in this area. 

Conclusi ons 

Under].ying the analysis in this paper is the assumption 
that the NASA technology transfer could be substcuitially im- 
proved if the application process of technologies were better 
understood. NASA is successful at information dissemination, 
but there is a lack of knowledge about why certain technologies 
are adopted and other technologies are not. A comprehensive 
understanding about factors influencing technology transfer 
might indicate ways of developing improvements. By including 
non-federal organizations, such as professional societies and 
industry R&D institutes, in the screening and evaluation process 
of NASA generated technology, opportunities may develop to ' 

enhance technology transfer from NASA to industry. 
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Abstract 


A oajor coacem of NASA's Technology Transfer Division has been to 
determine how to match applications of NASA's technology with the needs 
and interests of non-NASA technologists and scientists. A recurrent theme 
in the work performed for NASA at Stanford University has been to investi- 
gate those methods which allow maxlisura user involvement in the selection 
of information deemed relevant to his concerns. This is viewed as impor- 
tant, since the ultimate "innovator,** or "man on the bench" is the best 
judge of what is of use to him. 

At the same time, however, it is clear that eliminating or reducing 
pre-selection of infi>rmatlon leads directly to higher user costs, because 
the amount of information each final user must screen would be magnified 
enormously. 

Using machine readable data bases with an interactive searching 
algorithm can be a means for getting information directly to those who 
will use it, %rlth minimal increase in the user's costs. As an Instrument 
of technology transfer, NASA's RECON files could conceivably play an even 
greater role in exposing the public to available NASA technology. 
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1 . PREFACE 

A major concern of NASA's Technology Transfer Division 
has been to determine t' 3 most effective methods for 
matching applications of NASA's technology with the needs 
and interests of non-NASA technologists and scientists. A 
recurrent theme in the work performed for NASA at Stanford 
University has been to investigate those methods uhich allow 
maximum user involvement in the selection of information 
deemed relevant to his concerns. This is viewed as 
important, since it is held that the ultimate "innovator," 
or "man on the bench" is the best judge of what is of use to 
him. Thus, minimization of unnecessary pre-screening and 
pre-selection by third parties better allows the ultimate 
user to exercise his own judgement, and to make more 
effective use of the information presented to him. 


At the same time, however, it is clear that eliminating 
or reducing pre-selection of information leads directly to 
higher user costs, because the amount of information each 
user must screen is magnified enormously. 


Using machine readable data bases with an interactive 
searching algorithm can be a means for getting information 
directly to those who will use it, with minimal increase in 
the user's costs. As an instrument of technology transfer, 
NASA's RECON files could conceivably play an even greater 
role in exposing the public to available NASA technology. 
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Uith this idea as 
data base industry, 
performs as a member 


background, this paper investigates the 
and th? functions that NASA already 
of that industry. 
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2. INTRODUCTION 

The grout!) oi machine readable data bases has been rapid 
over the last iiiteen years. Currently over 1000 
computerized data bases provide iniorraation in all areas of 
the natural and social sciences* arts and humanities* and 
business and public policy. A report from International 
Resource Development estimates revenue from the supply and 
distribution of on-line data bases at •1.25 billion in 1981* 
with growth to $5.5 billion in 1991.’ 

This paper describes a sample oi the machine readable 
data bases available to the technologist and researcher in 
the natural sciences and engineering: and compares them uith 
the data bases and date base services offered by NASA. 

The data base industry can be segmented into three 
categories* following the categorization oi Roger 
Christian.' Christian attempted to distinguish three sectors 
of this industry: the publishers* distributors* and users. 
The problem uith this simple segmentation is that one 
Individual or firm may operate in more than one of these 
sectors. Distributors publish their own data bases. 
Publishers market to academic and special libraries, as uell 
as to commercial vendors (who in turn market to academic and 


’ Tel ecommun icat ions Journa I . narch 23, 193 1 

' Christian, Roger: The Electronic Library : Bibliographic 

Dr a Bases 197 5-7 6 Knowledge Industry Publications; White 
Plavns, New York; 1975; page 4 
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spacial libraries). Libraries that buy a data base may 
compete directly uith the supplying vendor or publisher. 
The government sells, buys, and distributes to. from, and in 
competition u'th private vendors and publishers. Finally, a 
publislier's oun data base and printed services may compete 
ui th each other . 

Houever. despite the often complex flou of goods in this 
industry. categorizing the data base industry into users, 
publishers. and distributors is used in this study as a 
useful classification of the industry. 

NASA performs the functions of all three sectors in the 
data base industry. NASA publishes its own data bases, 
called the RCCON/NASA files. NASA not only compiles murh of 
these files. but publishes them in machine readable form, 
and distributes them to its user group through the 
Industrial Applications Centers (lAC's). or the State 
Technology Applications Ccittors (STAC's). or by direct 
dial-in access to NASA's computer center in Maryland. 
Finally, NASA is itself a subset of the entire user set. 
Much of the information on the RECON/NASA files is primarily 
of use uithin NASA. and the files are widely used by 
in-house researchers and scientists. 

Non-NASA users have access to the RECON files cither 
through the lAC's and STAC's, or through an arrangement 
whereby prime contractors with NASA may have direct on-line 
access to the RECON files. 
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3. FUNCTIONS ASSUMED BY NASA IN THE DATA BASE INDUSTRY 

In the machine readable data base industry. NASA not only 
serves the functions oi publishing, distributing. and using 
its own data bases. but uas responsible for developing 
RECON. RECON is an interactive index and text searching 
system, which uas the precursor to Lockheed's current DIALOG 
system. Through RECON. users can search several types oi 
data files. These files are listed in Table 1. which gives 
the number of entries as of July 1. 1980: 

Approximately 70^ of the RECON entries are comprised by 
STAR and lAA. Entries in STAR include: NASA. NASA 
contractor. and NASA grantee reports; reports of other 
government agencies. univisities. private firms. and 
domestic and foreign institutions; translated reports: NASA 
owned patents and patent applications: and dissertations and 
theses. STAR covers all aspects of aeronautics and space 
research and development: related basic and applied 
research; and applications including earth resources, energy 
development. conservation. oceanography. environmental 
protection. urban transportation. and topics of national 
interest . 

Entries in lAA include: periodicals (including government 
sponsored journals); books: meeting papers and conference 
proceedings of professional and academic societies; and 
translations oi journals and journal articles. The subject 
matter is aeronautics and space science and technology. 
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DATA FILES ON THE RECON DATA BASE 
As of July 1 > 1980 


Document files 


Name 


Description 


Number of Percentage 

Entries of Total 


STAR Scientific and Technical 


I AA 

Aerospace Reports 
International Aerospace 

453,000 

29 . 4X 


Abstracts 

609,000 

39 . 6X 

OSTARE 

"Old" STAR 

148,000 

9 . 6X 

LSTAR 

Limited STAR 

81.000 

5.3X 

CSTAR 

Confidential STAR 

144,000 

9 . 4% 

Others 

Tech Briefs, some ASRDI 

104,090 

ft. IX 

Total 


1,540.000 

1 00 . OX 


Special Files 


Name 

Desc r i pt i on 

Number of Entries 

CPA 

Computer Program Abstracts 

2,300 

RCDCS 

NASA Contract Directory 

14,600 

RTOPS 

Research and Technology 
Operating Plan 

7,000 

ASRDKFire) 

Safety File — Fire 

4,000 

ASRDI ( Cryo ) 

Safety File — Cryogenics 

7,000 

ASRDI (nech/Struc ) 

Safety Fi 1 e--Mechan i ca 1 
and Structural 

900 

Tech Briefs 

Tech Briefs 

8,300 


NALNET 



(NASA Library Netuork) 


Subject 

Availability 

Number 


Books NASA Holdings 74,000 


Books 

MARC Tapes 

270,000 

Periodicals 


7,600 


Other files on the RECON system include OSTARE, uhich is 
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similar to STAR, lists unclassified documents. and is older 
than STAR. The RCOCS. or NASA Contract Directory, provides 
the contract number. technical monitor. center. and 
principal investigator for NASA contracts. The RTOP file 
lists current and older RTOP's. which are program plans 
between NASA Headquarters and the NASA Field Centers. The 
collection of ASRDI files is referred to as the "Safety 
File." and lists reports collected by the Lewes Research 
Center addressing safety issues in each of the listed areas. 
Finally. the Tech Briefs file lists NASA technology 
available for commercialization. and contains most of the 
information in the print version of Tech Briefs . The 
hardcopy Tech Briefs has traditionally served as a major 
vehicle for transferring information concerning NASA 
technology to the private sector. and as result there seems 
to be greater public exposure to the hardcopy Tech Briefs 
than to the machine readable version. 

Some of these data files. in particular the ASROI. 
NALNCT. RTOP's. and RCDCS files. may be of little interest 
outside the community of NASA personnel and associated 
contractors. However, other files, such as STAR, lAA. CPA, 
and the Tech Briefs may be of considerable utility to 
engineers and technologists outside this community. 

Historical!/, there has been public (non-NASA) access to 
these files through either of two avenues. Those members of 
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th« public uho are not prime contractors with NASA may 
submit a search request uith a regional lAC or STAC, and the 
NASA staii Mill perform the search. This branch of the 
Technology Transfer Program offers machine and manual 
searching. historical as well as Selective Dissemination of 
Information (SDI) — or Current Awareness — searching. and the 
support staff to interpret and analyze the results of the 
search. 

Prime contractors uith NASA may obtain on-line use of the 
RECON files under a development program to allow greater 
numbers of users dial-up access to the RCCON system. In the 
past, the number of direct access dial-up ports that RCCON's 
computer could handle has been severely limited. A new 
front-end processor and larger computer will greatly enhance 
capacity. As an example of the advances made in expanding 
its capacity and response. it is reported that RECON 
response time is down to about two to two and one-half 
seconds. as opposed to the approximately 26 second average 
wait in the early stages of the system.^ 

Although much of the file content of NASA's RECON may 
only be directly pertinent to those closely connected uith 
NASA. there is a substantial amount of information that may 
be useful outside NASA. Spinoff 1 97 9 makes the point that 


Figures based on a conversation uith Mr. Bill Broun of 
NASA . 
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through th« lAC'S and STAG'S, a non-NASA inquirar hat accass 
to ovar 10 million documents, and of thrsa. 1.5 million ^re 
i.' NASA/RCCON. In all. approximately 15.000 soiantiiic and 
technical journals uorlduide are covered. as are 
publications from other government agencies.^ 

Thus. NASA's data base ansuars technical and reiera.ica 
questions ior non-NASA users and NASA users and contractors, 
and also serves as an internal research directory ior the 
community oi NASA employees and contractors. In terms of 
technology transier. NASA uses machine readable data bases 
to transmit information to private sector technologists 
through tuo avenues. One avenue has been mediated through 
the lAC's and STAG'S. and the other is direct and 
conditional on the prerequisite oi being a NASA prime 
contractor. 

One question uhirh can be raised immediately, in light oi 
NASA's plans oi expanding RCCON capacity and access, is: to 
uhat extent have system limitations led NASA to treat the 
RCGON files as a "private resource?" Limited access to 
RECON through lAC's and STAG'S is an efficient 
distributional procedure uhen harduare limitations prevent 
large numbers oi dial-up ports. If a "peak load" of 
independent users cannot be met s a t i s f ac c o r i 1 y by a 
constrained system. then it is obviously more efficient to 


' Spinoff 1979 . NASA’s Office of Space and Terrestial 
Applications; ”'*9^ 112. Figures are for 1979. 
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iorce all systam demands to be spread out over time. A 
reasonable Mechanism for doing this is to channel all. or 
almcst all system demand through agents uho uill meet each 
particular demand sequentially. It appears that the IAC*s 
and STAG’S have performed this role quite effectively. As 
the capacity of the RECON system is expanded, it may uell be 
uorth emphasizing the other services offered by these NASA 
Technology Transfer agents. as the importance of their role 
as intermediaries to RECON can be diminished. 


This matter uill be dealt uith again. following a 
discussion of a sampling of the machine readable data bases 
available to private sector technologists in the non-NASA 
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4. A SAMPLE OF PUBLICALLY AVAILABLE MACHINE READABLE DATA 

BASES 


A sample oi data bases was made to compare the scope of 
coverage and services offered in the machine readable data 
base industry with that offered through NASA's RECON. The 
sample uas limited to technical and scientific data bases, 
as these were assumed to be of greatest interest to private 
sector scientists and technologists. The comparison uas 
made on the basis of subjects covered. type of information 
recorded in the data base, source of information recorded in 
the data base. number of years covered. quantity oi 
information and annual additions to the data base, 
approximate yearly charges for acquisition or lease of the 
data base, and associated cservices. 

The sample comprised 42 data bases. and uas draun from a 
master list of scientific and technical data bases. The 
master list uas assembled from Information Market P lace 
• 78-1979 . uhich uas selected as principal reference 
document. Information Market Place is a relatively current 
and complete international compendium of information sources 
that are publically available. Appendix A is a copy of the 
Table of Contents of Information Ma rket Place . uhich is 
included to illustrate the docjment's scops of coverage. 

In selecting the information sources to be included in 
their document, the editors of Info rma t i on Ma rket Place 
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loiloued a narrou definition of uhat constitutes information 

products and services. Their definition reads as follous: 

Emphasis is on those organizations uhich« by the 
application of advanced technologies* create and 
gather information and add value by performing one 
or more of the following operations: organizing 

it, rearranging it, adding other facts, making it 
more available, or by converting it into a new 
medium . ^ 

Guided by this definition, the editors claim to have 
undertaken extensive research to locate all agencies and 
organizations involved in providing information products and 
services internationally. Upon identifying these 

organizations, the editors mailed them questionnaires 

inquiring into their principal and related products and 
services. Most of the descriptions in the final directory 
appear to have been self-selected. Apparently, the 
questionnaire uas composed of a series of descriptions, and 
lists of pre-selected subject areas which were merely to be 
checked off by the respondent. Certain phrases and 
combinations of words were repeated quite frequently, 
particularly in describing the subject areas of the data 
bases. It is presumed that this is indeed how the 
information was collected, and this raises the question of 
how well the descriptions fit the actual content and 
services of the data bases and data base companies. 


* Information Market ELagft 1978-1979 . page vii 
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On the other hand> .th this procedure's reliance on 
sel i-reporting > there is the possibility that each 
respondent interpreted the questionnaire subjectively, 
although the degree to uhich one can impose subjective 
interpretation to uoi Is uhich are generally uell defined 
through industry-wide use appears minimal. It is more 
likely that variation in the quality of reported information 
could occur because of varying individual perceptions 
concerning the expected utility and likely return to 
contributing to this directory. One can never be sure to 
uhat extent respondents presented an exaggerated image of 
their data base and data base services while perhaps trying 
to takf. advantage from some free advertising. or failed to 
adequately describe their data base and services because 
they thought this endeavor one not likely to pay off. One 
can only speculate on tha extent of these effects. if they 
exist at all. 


However. with a high voluntary participation rate among 
American data base publishers. and with certain indications 
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that data baaa varvicaa u«r« insuiiiciantly daacnbadr it 
appears that data bas^ publishers perceived the directory to 
be in their oun interest* and that these publishers did not 
eKaggera^e the eKtent of their date base coverage and date 
base services . 

If a data base publisher did not return their 
questionnaire. the editors ot the Information flarket P lace 
directory performed their ouin rosearch and presented only 
the results of this research in the directory. with a note 
to that effect. Thus. it ues possible to measure the 
participation rate among publishers uho had been contacted 
by Information flaLtHLi • For American companies this 
rata was 100X. and for all companies internatio.ially the 
rate uas 67X. As only American data base companies were 
included in the sample discussed in this paper. one can 
surmise that American corepanias sau this directory to be in 
their oun interest. and that non-rrsponse of the publishers 
IS not a problem for the sample discussed here. 

Evidence that the publishers did not exaggerate the 
extent of their data base and data base services can be 
observed in the reported services that publishers provide in 
association uitli their data bases. Tor example. it uas 
reported that 54X of the data base publishers offered 
"machine searching" as a service. uhereas only 1 2X offered 
"retrospective searching." It seems illogical that there 
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uould in fact be such a high discrepancy. especially since 
most on-line searches access several years oi data. It 
seems more likely that the services actually performed by 
data base publishers were somewhat under-reported. or that 
there was ambiguity in the descriptive labels used in the 
questionnaire. In either case, the sample discussed in this 
paper will present only an incomplete picture of any single 
publisher. although the overall picture across all 
publishers should be adequate. 


4. t lit SAMPLE 

There is a section of Information Market Place that lists 
machine readable data bases which are publically available 
worldwide. A ''data base" is defined in this directory as a 
"collection of machine readable records which are 
periodically updated and which can be processed on computers 
..th the appropriate software."* The editors of Inf ormati on 
Market Place described approximately 406 data bases in this 
section. and these included technical and non- 1 echn i ca 1 > 
domestic and foreign data bases. 


* Information Market Place , pege 36 
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The sample oi technical and scientific data bases was 
collected in two steps. First. all the technical and 
scientific domestically produced data bases uere selected. 
This was done by a process whereby the author made two 
passes through the list. In the first pass the author 
eliminated all data bases whose descriptions did not include 
areas related to the natural sciences and traditional 
technical fields. A second pass was made to provide a 
higher degree of objectivity to this process. This second 
pass took advantage of a subject index of data bases which 
is included in Information Market Place . Scientific and 
technical subject areas were selected. and the data bases 
listed under each subject heading were cross-checked against 
the first selection to ensure that there were no omissions. 
Appendix B contains a list of the subject areas checked. 


This procedure resulted in a list of 128 domestically 
produced data bases that could be of direct interest to a 
private sector scientist or technologist. Of course, it is 
always possible that certain data bases. such as the 
financial data bases. or indices of industrial production, 
or even the listings of historic homes. could be of direct 
interest to these scientists and technologists. It is even 
more likely that certain foreign data bases. such ps the 
European Space Agency's Space Components File. or the 
Carbon-13 Nuclear Magnetic Resonance CMR. or Hydromechanics 
and Hydraulic Engineering. would be of direct interest. 


17 



234 


VOLUME I, PART II.B.4 


OK POOR ViO-.UlV 

This is an important point* since some foreign data bases* 
such as Aquatic Sciences and Fisheries* are available 
on-line through services such as Lockheed'it DIALOG. 
However* as specified before* non-technical or foreign data 
bases were omitted. An expanded study should attempt to 
identify other types of data bases which could be relevant* 
and which play a significant role ir« the data base industry* 
as perceived from the American viewpoint. 

The working sample was selected from this list of 128 
alphabetically listed data bases bv taking every third 
listed data base. There was an early oversight in that the 
Paris-based Aquatic Sciences and Fisheries was originally 
included in the working sample. This was replaced by the 
first entry on the master list. which was the kPI Tech 
Index . 

Summary information on each data base was then collected 
from Information Market Place . and this information was 
supplemented by data from certain annual reports. the 
publication Computer Readable Data » A Pi rgS.^PTY and 
Data Sourcebook , and from Excerpts j rjig Directory ^ Pg-L ins 
Data Bases . The basic information collected for each data 
base included its name, publisher* type of coverage (whether 
each data entry is bibliographic or non-bibl iog raphic . with 
a description), fields of coverage, years covered, number of 
entries as of 1978 and number of annual additions, and where 
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the data base is available ii available on-line. Appendix C 
lists the names oi the data bases in the sample* and the 
publisher oi each data base. 

Entry 30 in Appendix C is RECON/NASA* uhich is listed as 
available through the Knowledge Availability Center* 
University of Pittsburgh. The RECON/NASA data base is 
described as bibliographic (listing citations)* with 
multidisciplinary coverage oi engineering* science* and 
project management. It covers the years since 1962* had 
720*000 entries in 1978 with 55*000 annual additions and is 
not listed as being available on-line to the public. 

The description of the RECON/NASA files in Inf ormat ion 
Market Place differs from that given in Spinoff 1980 * 
because the Information Market Place description is only for 
the Knowledge Availability Center (the Pittsburgh **IAC"). 
Each lAC essentially has its own procedure for using the 
RECON system* with the New England Research Applications 
Center (NERAC) even producing its own tapes. The 
description of RECON in Info r: n nt i on Market Place is in fact 
a description of information services the Pittsburgh lAC 
offers* rather than a complete description of the NASA/RECON 
system. 

This discrepancy is of interest* because it appears that 
the extent of services available through the lAC's and 
stag's* as well as the scope of RECON/NASA* are both being 
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undar-reported in a reierenca documant such as Information 
Market Place . Uith this insight into the manner in which 
data bases were described in Inf ormat ion Ma rket Place t the 
characteristics of the data bases selected in the sample can 
be discussed. The results will be examined to assess the 
nature of publically available scientific and technical data 
bases . 


4.2 RSSyLJS AJ1£ DISCUSSION 

Info rma t i on Market Place classified the data bases as 
either bibliographic or non-bi bl i og raphic . A bibliographic 
data base was intended to supply full bibliographic 
information of a published document. A non-bibliographic 
data base supplied specific datat component s pec i f icat i ons t 
descriptions, or non-publ ished reports. Information Market 
Place did not supply detailed definitions on the difference 
between these two types, but an article by Doszkocs, Rapp, 
and Schoolman discussed the types of available data bases in 
greater detai 1 . ^ 


’’ Doszkocs. Rapp. Schoolman. "Automated Information 
Retrieval in Science and Technology." Sc i ence . April 4. 
1980. pages 25-30 
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Their discussion of bibliographic data bases, data banks, 
and the emerging ** knou 1 edg e” data bases helps clarify the 
classifications used by Information ajaultfil Plaac- These 
authors cited bibliographic data bases as those referencing 
published literature. and uhich are used most often to 
locate an orticle or document. These tend to be 
computerized versions of existing indexing and abstracting 
services. Examples include Engineering Index. Science 
Citation Index. and Government Reports Announcements Index. 
N on-b 1 b 1 i og r a ph i c data bases include uhat these authors 
refer to as "data banks" and ""knowledge bases." Data banks 
contain numeric and analytical data obtained from published 
literature. and often reference the source of information. 
Examples include the National Library of Medicine's 
Registry of Toxic Effects of Chemical Substances and 
Toxicology Data Bank: and the Laboratory Animal Data Bank. 
The former two contain toxicological. chemical. and 
pharmacological data for approximat 1 ey 36.000 substances 
(listed by all their names and synonyms, and including their 
formula). and the latter provides husbandry conditions and 
physiological and pathological baseline data for laboratory 
animal groups. and allows interactive statistical analysis. 
Data from the former two data bases comes from published 
literature, whereas data for the latter is obtained directly 
from participating loberatories. Finally the authors 
discuss the "knowledge data bases." uhich they compare to 
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encyclopedias or textbooks. These data bases* such as th* 
Hepatitis Knouledge Base* represent an analysis and 
synthesis of available knouledge. These examples help 
illustrate the difference between bibliographic and 
non-bibliographic data bases. 

When the data bases in the sample uere analyzed for the 
relative number of bibliographic and non-bibl iog raphic data 
bases* the classification of Informat i on Market Place uas 
used. This classification uas generally in agreement with 
that of Doszkocs* Rapp* and Schoolman. 21 of the data bases 
in the sample were described as bibliographic and 21 uere 
not. Although the numbers need not be exact due to certain 
definitional problems* there does seem to be an even split 
between bibliographic and non-bi bl i og raphic data bases. 

The data bases uere then cross-tabulated by bibliographic 
versus non-b i b 1 i og raph i c coverage and multiple versus single 
field coverage. A data base uas defined as having multiple 
field coverage if its subject area included more than one 
separate field* even if those fields are related. A data 
base with single field coverage had* obviously. a subject 
area in only one distinct field. 

As an illustration of this c r oss- 1 a bu 1 a t ed classification 
scheme* consider the following examples: Maritime Research 
Information Service (MRIS) counted as a bibliographic data 
base uith multiple field coverage* since I n f o rmn t . on Market 
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Place listed it as "b i b 1 i og r a ph i c • " indexing technical 
reports. journals. and conierence papers. Its listing of 
multiple fields included marine transportation. pollution, 
business. chemistry. law. metallurgy. and tuelva other 
categories. Cancerproj counted as a bibliographic data base 
with single field coverage. as it is described as a 
bibliographic listing of current cancer research projects, 
and its coverage is limited to resea’‘chers . organizations, 
and funding sources involved in cancer research. and to 
descriptions of that research. 

A non-bibl iographic data base with multiple field 
coverage was the Total Marketing Analysis Research Service, 
uhich is a **lull text database" listing contract awards by 
the Department of Defense. and uhich covers Aerospace and 
Aeronautical Engineering. Agriculture and Agricultural 
Engineering. Biology. Business. Economics and Management, 
and Electronics and Electrical Engineering. Any of the 
Cardura Publications. Inc. data bases may serve as an 
example of a non- bi b 1 i og r a ph i c data base with single field 
coverage. For example. one of these data bases is called 
Discontinued Thyristor. uhich provides engineering and 
purchasing information about discontinued models of this 
particular electronic component. Its field of coverage is 
discontinued thyristors exclusively. providing performance 
specifications. engineering data. type numbers. and 
manufacturers . 
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The rssults of this cross tabulation ara shoun in Table 2 
Note that the data bases are split evenly betueen those with 
multiple versus single field coverage, as well as those that 
are bibliographic versus non-bibliog^'aphic. 

TABLE 2 

DISTRIBUTION OF DATA BASES 
Cross Tabulation: 

Bibliographic vs. Non-Bi bl i og raphic , 

By 

Multiple vs. Single Field Coverage 


Coverage 

Bibl iographic 

Non-Bibl iographic 

Multiple Field 

17 

4 

Single Field 

4 

17 

Again, although 

the numbers 

may not be exact due 


definitional problems. there does seen to be a tendency for 
bibliographic data bases to cover multiple subject fields, 
end for r. on-bibliographic data bases to cover a single 
subject field. 

Perhaps this result is not altogether surprising. One 
uculd expect a non-bibliographic data base to serve a uell 
defined (i.e.. single subject) field, since by nature it is 
oriented towards this. Somewhat more surprising is the 
finding that most bibliographic data bases cover multiple 
subject fields. as there is no a priori reason for this to 
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be so. i' .H possible explanstion is that bibliographic data 
bases mo sr'vc general research or literature reviewing 
purposes. For these purposes* a bibliographic data base 
covering a single subject tield could be too narrow to be 
practical . 

As an i 1 1 u:. t ra t i on of this problem it is interesting that 
the Stanford University Engineering Library* r. principal 
librarian found that performing an interdisciplinary search 
on Lockheed's DIALOG system posed a major difficulty. The 
problem was that- too many of the system files (individual 
data bases) had to be referenced to cover all the relevant 
material and subject areas desired. In this example* it 
could be said that the DIALOG system data bases still do not 
cover enough fields. Enhancements to the DIALOG system 
currently enable users to search a small set of files 
s imu 1 a t aneous 1 y * and this is the first step towards the 
ability to perform simultaneous interdisciplinary searches 
on multiple data bases. 

This question uf the content and structure of a data base 
could be relevant to NASA* particularly if NASA were to 
consider aggressively tsiloring RECON files to users' needs* 
as mors users have the opportunity for direct dial-up access 


to RECON. 

The first step in 

this process 

would be 

t 0 

identify 

those potential users 

and tiieir 

needs * 

and 

determine 

1 f NASA *s files '.e of 

appropriate 

content 

and 
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structure. 0^ course. as long as only NASA prime 
contractors have this access. there is a high probability 
that no file modifications would be necessary. Most NASA 
prime contractors and NASA personnel are. after all. in 
closely related areas of work. 

A footnote to this discussion is that seven of the 
seventeen non-bibl iographic single field data bases were 
produced by Cordura Publications. Inc. These data bases 
were: Discontinued Diode. Discontinued Thyristor. 
Elastomers. Interface Integrated Circuits. Linear Integrated 
Circuits. Microwave Tubes. and Optoelectronics. All of 
these provided specific technical and production information 
in electronics and materials. These appeared the most 
specifically targeted data bases in the sample. Judging 
from Cordura's 1978 and 1979 Annual Reports and the Value 
Line Survey , these data bases have been quite successful for 
Cordura. and are the company's most profitable and promising 
enterprises. Cordura's data bases are an example of 
targeted computerized information banks. which are valued 
enough by scientists and technicians that they are 
commercially successful. 

The source of the information listed in each data base is 
described in Table 3. Table 3 was derived from the 
publication. Computer Readable Data BasgS ■ A Directory flurf 
Data Sourcebook . and data was available for 22 of the data 
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bases. Of the data bases listed. only Bell and Houell's 
Transdex uas comprised oi a higher percentage of government 
reports than uas NASA/RECON. 100X of the Transdex entries 
uere listed as government reports. uhereas for NASA/RECON 
this figure uas 90X. Energy-line uas a distant third in 
this ranking, with 42X of its entries coming from government 
reports . 

The high percentage of government reports listed in 
NASA/RECON set RECON apart from the remaining data bases. 
82% of these data bases had 3X or less of government 
reports. SOX had 65X or more of journal articles. and 27X 
had 100X "other." Thus. NASA is in a distinct minority in 
terms of its high percentage of government reports. Whether 
this is perceived by potential users to be an advantage or 
disadvantage is unansuered. but is obviously important in 
terras of "marketing" the RECON system. 

Table 4 shous the distribution of data bases insofar as 
the first year of coverage is concerned: No clear trend by 
five year grouping is apparent. although ther«' does seem to 
be a grouth by decade (10 prior to 1960 . 1'i in the 1960 *s> 
and 17 in the 1970‘s). 

Table 5 illustrates the distribution of data bases by 
their number of entries in 1978. The largest data base in 
the sample uas the CA (Chemical Abstracts) Subject Index 
Alert, uith 17.896.000 entries. Other large data bases uere 
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TABLE 4 

DISTRIBUTION OF DATA BASES 
By First Tsar oi Covcraga 


First Year oi Coverage Number oi Data Bases 


Prior to 1960 

1 0 

1960-1964 

7 

1965-1959 

6 

1970-1974 

1 1 

1975-1979 

6 


the Science Citation Index with 5 million entries. and CA 
Condensates with 3.133,600. 


TABLE 5 

DISTRIBUTION OF DATA BASES 
By Number oi Entries. 1978 


Number oi Entries Number oi Data Bases 


Less than 100,000 22 

100.000- 500,000 10 

500.000- 1,000,000 4 

1 , 000 , 000-t- 6 


The distribution oi the 22 smaller data bases (those uith 
100,000 entries or less) is exhibited in Table 6 
Eighteen oi these tuenty-tuo smaller data bases had less 
than 50,000 entries. Figure One plots the number oi data 
bases on a log scale oi size. The distribution is 
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TABLE 6 

DISTRIBUTION OF DATA BASES 

By Number oi Entries. 197S 
Less Than 100.000 Entries 


Number oi Entries Number oi Data Bases 


LessthtinlO.OOO 7 

10 . 000 - 20,000 6 

20.000- 50.000 5 

50.000- 100.000 4 


essentially constant. at a level oi approximately six data 
bases ior each size grouping. It should be noted, however, 
that most oi the data bases with less than 10,000 entries 
were the highly-specialized. non-bibl iog raphic Cordura 
Publications Inc. data bases, as well as the extremely small 
ARPANET Requests ior Comments (which is essentially an 
on-line suggestion box). 

Table 7 provides the distribution oi data bases with 
respect to the number oi annual additional entries: 


TABLE 7 

DISTRIBUTION OF DATA BASES 
By Number oi Annual Additional Entries 

Number oi Annual Additional Entries Number oi Data Bases 


Less than 50.000 
50.000-100,000 
100 . 000 + 
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This distribution is represented in Figure Tuo> which plots 
the number of data bases on a log scale of the number of 
annual additional entries. In contrast to the plot oi 
number oi entries (Figure One), the plot oi number oi annual 
additional entries does not appear constant. The data base 
with the largest number oi annual additions was the CA 
Subject Index Alert. with 2.600.000 additional entries 
annually. CA Subject Index Alert was also the largest data 
base in size as oi 1978. Data was not available ior every 
data base. 

Data representing the consumer's price to acquire, lease, 
or license each data base was collected irom Computer 
RQadabl 'g Pala A Directory and Data Sourcebook . This 
data was used to try to estimate a iirst order relation 
between the "price" charged ior each data base and a data 
base characteristic that in theory would contribute to the 
cost oi producing the data base. In this paper the size oi 
the data base and the number oi annual additions to the data 
base were selected as characteristics hypothesized to most 
likely aiiect the price charged to data base users. 

The desired result is to test whether price charged ior a 
data base equals the marginal cost oi producing that data 
base. The marginal cost oi producing the data base is 
approximated by a simple cost iunction with a single data 
base characteristic as its argument. 


- 3r; - 


One would preier time 
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series data ior each data base to perform this measure. but 
only a cross sectional sample ior one year is available. 
Furthermore. the **price" variable is not an equivalent 
measure ior each data base. The figures reported were for 
either acquisition, lease, or license of the data base. For 
simplicity the acquisition price was treated equivalently to 
one year's lease or license price. even though an acquired 
data base uould provide additional years of service at no. 
additional yearly charge. but additional years of service 
from a leased or licensed data base uould incur such 
charges. Finally, only the user's "fixed" costs of gaining 
initial access to a data base's information were considered. 
Most of the leased or licensed data bases charged an 
additional hourly search charge. or "variable" cost to the 
user. These additional costs were not considered. 

The first set of regressions uere to determine if there 
uere a relationship between the size of the data base and 
the : "ice charged the user. Simple regressions uere run for 
the seventeen data bases ior uhich information was 
available. and then ior data bases classified either as 
private. or non-profit and g ove rniuent . F Tests on each 

regression shoued that none of them uere significant at the 
9C% confidence level. Results are belou: 

y a mx b 

y • acquisition, lease, or license costs 
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K ■ number of data base entries 


Ail data bases ; 


( 1 i y > . 0023 m * 3630 

N ■ 17 

F(1>15) • 3.466 insignificant 


Private data bases: 

(2) y» . 0019m +6031 

M ■ 1 1 

F(1>9) 3 1.316 insignificant 
Government and non-profit data bases: 

( 3 ) y » - . 0007m + 1450 

H » 6 

F(1.4) B .6'^6 insignificant 


Regressions uere run uith the number of annual additions 
to the data base as the independent variable, to see if this 
variable might not be a proxy for marginal costs. and 
produce a correlation uith the data base price charged. 
There uere insufficient data points to do this for data 
bases produced by government and non-profit organizations. 
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so the regressions were only performed on all 13 data bases 
for uhich there uas data, and for the 11 private ones. All 
regressions were insignificant at the 90X confidence level. 

y ■ mK ♦ b 

y ■ acquisition* lease or license costs 
K > number of annual additions to data bases 


All data bases : 


(4) y » .0186x ♦ 4322 

N » 1 3 

F(1*11) • 1.'s2 insignificant 

Private Data Basest 

C 5) y » . 0 17 lx 5033 

N ■ 1 1 

F(1*9) « .9962 insignificant 

The insignificance of these regressions may be attributed 
to any of the following reasons: 


1 . 

Misspecification 

of 

variables 

2 . 

Errors in the data 


3. 

Misspecification 

0 f 

the model 

4 . 

Misspecification 

of 

the functional form 

5. 

Lack of any true 

relat ionshi p 
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Possible nisspcoi i icat ion of the virisbles and errors in 
the data have already been discussedi and a correction for 
possible hcteroskedasticity (problems uith correlating 
variables from data bases of different sizes) yielded no 
better results. The simple regressions used here may not 
reflect all the costing and pricing complexities that 
actually occur* indicating an inaccurate model. The 
functional form of these relationships may not be linear* 
but an experiment uith log forms did not improve results. 
Finally* it is possible that there is no true relationship 
betueen these variables* although the argument for this on 
the basis of current evidence is ueak. If there uere to be 
no true relationship* however. economic questions uould 
arise concerning the extent of potential inefficiencies in 
the still young machine readable data base industry. 

Twenty of the forty-tuo data bases uere listed as being 
publically available on-line* through services such as 
Lockheed's DIALOG. The most commonly cited on-line service 
uas Lockheed's. but the following uere also listed: System 
Development Corporation's (SDC's) ORBIT* the National 
Library of Medicine's MEDLINE (MEDLARS on-line)* the 
Bibliographic Retrieval Service (BRS)* Triangle Universities 
Computation Center* General Electric Mark III* and Drilling 


Activity Analysis System. 


It uould be fallacious to assume 
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that the tuenty-tuo data bases ior uhich no on-line vendor 
uas listed are not available in some on-line capacity. For 
example. Cordura Publications. Inc. oilers on-line service 
to its data bases through a contractual agreement. Although 
this type of service is quite different from the "data base 
supermarket" service offered by Lockheed,* SDC, or BRS, it 
is still an on-line service. 

It may be that some data bases can still be accessed only 
by batch methods. Further investigation uould be required 
to determine the exact percentage of data bases available 
' -line. Houever. it is instructive that in the Doszkocs. 
Rapp, and Schoolman article cited earlier, the authors note 
that the majority of the 523 bibliographic data bases they 
are familiar uith can be searched on-line.* The authors make 
no mention of the proportion of non-bi bl i og raphic data bases 
available on-line, but one uould expect this proportion tc 
be high due to the nature of these data bases and their use. 




* See Appendix D 

’ boszkocs, Rapp, and Schoolman: ibid . pag» 25 
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5. DATA BASE PUBLISHERS 

Iniormation on the publishers of the data bases in the 
sample was obtained by referencing the "Database Publishers" 
section of Information Market Place . Twenty-six publishers 
were responsible for the forty-two sample data bases* and 
their names are listed in alphabetical order in Appendix E. 
Information was collected for each publisher* and this 
information included the total number of machine readable 
data bases and associated print products produced* and the 
avai labli lity of special training sessions* additional 
publications* and customized services. 

The tMenty-first publisher listed in Appendix E is the 
NASA-I AC/Knowl edg e Availability Center. It is described as 
publishing two machine readable data bases* and no printed 
associates to these data bases. Special services include 
seminars and workshops by arrangement through the marketing 
department* machine and manual searching* selective 
dissemination of information (SDI* or "current awareness" 
searching)* analytical reports* and technical specialists to 
clarify, summarize* and analyze the results of a search. 
This list can already be seen to be incomplete* for 
Information Ma rket Place does not describe NASA as offering 
retrospective searching. "Retrospective searching" seems to 
have been a standard category in Info rma 1 1 on Market Place's 
questionnaire* so it should have been listed. This service 
is described as a NASA service in Soinof f 1979^° 
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Oi the twenty-six data base publishers. there were 
private profit and non-profit organizations. governmental 
agencies. and the United Nations. Not enough was known 
about the financing of these publishers to determine their 
relative numbers. but it seemed that the private 
organizations were the majority. 

Table 8 illustrates the distribution of data base 
publishers by the number oi machine readable data bases they 
produce : 


TABLE 8 

DISTRIBUTION OF DATA BASE PUBLISHERS 
By Number of Machine Readable Data Bases Published 


Number of Data Bases Published Num’'er of Publishers 


One 7 
Two 5 
Three 8 
Four - Nine 3 
Ten or More 3 


The three publishers producing more than ten computerized 
data bases arc Cordura Publications Inc. with -!A. Chemical 
Abstracts Service with 14. and the National Library of 
Medicine with 12. Twenty of the twenty-six data base 
publishers were responsible for three or fewer data bases. 
Thus. the industry seems to be characterized by a large 


Spinoff 1112. page 112 
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number oi publishers uho produce a small number oi data 
bases, and by a small collection oi publishers that produce 
a large number oi data bases. Appendix F discusses a 
possible economic model to analyze this iinding* and raises 
issues ior iurther investigation. 

The iinal table in this survey oi data base publishers is 
a summary oi data base related activities undertaken by the 
publishers. Table 9 lists the number oi data base 
publishers that engage in the activity or service listed 
(numbers include the NASA iacility). Those entries marked 
by an asterisk indicate NASA-I AC/Knoul edge Availability 
Center activities, as reported in Iniormation Market Place . 

The iirst comment to be made on these results is that no 
deiinitions ior the listed categories uere provided. Thus, 
there may not necessarily be a clear distinction between 
certain oi the categories. Furthermore, it is questionable 
that these descriptions are complete. As discussed 
previously, this data appears to have been completely 
sel i-reported by the respondents. Thus, there is reason to 
question the consistency oi the responses. It is likely 
that ii these activities uere well deiined, and ii one 
interviewer had evaluated the activity oi each publisher, 
then the numbers in some categories would be higher. For 
example, ii 14 publishers engage in "machine searching" oi 
data bases, it would seem likely that more than three engage 
in "retrospective searches." 
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TABLE 9 

NUMBER OF DATA BASE PUBLISHERS 
Engaging in Listed Activity 


Activity Number of Data Base Publishers 


Publishes Print Products 
(often a paper version 
of the machine readable 

data base) 20 

Training Programs 9 

* Seminars and Uorkshops 14 

User's Guide 6 

Newsletter 4 

* Machine Searching 14 

* Manual Searching 8 

Retrospective Searching 3 

* Selective Dissemination 

of Information 9 

Document Delivery 8 

Facsimile Service 2 

* Analytical Reports 5 

Indexing 10 

Telephone interviewing 4 

Thesaurus for Indexing 2 

On Line Document/Hardcopy 1 

* Access to Technical Specialists 5 

TechnicalConferenceSupport 1 


However, despite the potential problems cited above, one 
can note three items of interest. First, in providing 
"technical specialists to analyze and sum results, and to 
clarify questions," NASA is one of only five publishers 
listed that offer this type of customized service. 


Second , only 
p r ov i d ed on- line 
publishers (not 
delivery — such as 


the ARPANET Network Information Center 
document/hardcopy reproduction. Eight 
including NASA) provide document 
the Institute for Scientfic Information. 


% 
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Except for these efforts. however. on-line access to 
documents remains a rare service. 

Third, the NASA I AC/Knoul edge Availability Center and the 
Petroleum Information Corporation were the only publishers 
to offer both analytical reports and access to technical 
specialists. This indicates that NASA's coupling of 
analysis by technical specialists with its data base is a 
relatively unique service in the data base industry. 
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6. DISTRIBUTORS OF NACHINE READABLE DATA BASES 

(■ 

This study was not oriontad towards the VfVsflysis of 
machine readable data base distributors* except insofar as 
previous discussions have addressed this section of the data 
base industry. Historically* the lAC's have been the access 
point to RECON/NASA for all non-NASA users. Uith dial-up 
access to RECON being provided for more and more users* the 
roll of the lAC's could change. It is important to clarify 
who will have dial-up access to RECON (it may never be 
unviversal)* and to what extent this will change the nature 
and extent of the lAC's "clientele.** 

A parallel question is what the effects on the lAC's role 
would be if a machine readable version of the Tech Briefs 
were offered through a distributional vendor such as 
Lockheed* SDC* or 3RS. An analysis of these effects is 
conditional* of course* on the extent to which one believes 
there would be a commercial market for this information. If 
there were little market potential* then no commercial 
vendor would offer such a file through their system (barring 
subsidies) . 

Although it is not the intent of this study to 
investigate future strategies for the lAC's* it does seem 
important to recognize that certain developments in the 
access to RECON/NASA's information could impact the role 
played by these institutions. 
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7. CONCLUSIONS 

1. Technical and scientific data bases cover a wide 
range of material through a uide variety of formats, 
scope. and sizes. Of note is the finding that 
bibliographic data bases tend to cover multiple 
subject areas, uhereas non-bibliographic ones tend to 
have single field coverage. 

2. RCCON/NASA contains some information of minimal use 
to those outside NASA. Houever. for that information 
that is of non-NASA interest. NASA data bases are 
much like other scientific and technical data bases 
in their structure. but historically have been much 
different in terms of their access. 

3. Despite some user aggravation in certain types of 
searches. the structure of data bases seems tailored 
to user needs. Ongoing refinements and the 
development of new types of data bases should even 
more carefully tailor data bases to user needs. 

4. The data base industry has a feu large publishers of 
many data bases. and many small publishers. This 
observation carries with it as yet unanswered 
quest! ons . 

5. In terms of the activities of data base publishers. 
NASA seems uell specialized in its provision of 
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technical staff for analytical and consultative 
purposes. 

6. Uith increasing dial-up access to RCCON/NASA. there 
may be reason for re-evaluating the role of the 
lAC's. If this is done, it is important to emphasize 
their current specialization in analytical and 
consultative services. 
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Appendix A 


CONTENTS 


PREFACE vii 

I I NFOR M ATION PRODUCTION (1-3) 

( 1 ) Database Publishers I 

(2) Machine Readable Dalabases 36 

(3) Print Products 63 

Databases & Print Products — 

Classitled by Subject ... 102 

II INFORMATION DISTRIBUTION (4) 

(4) Online Vendors. Library Networks & 

Telecommunication Networks 121 

III INFORMATION RETAILING (5-6) 

(5) Inlormation Collection & Analysis Centers ... 133 

(6) Information Brokers 147 

Information Retailing — 

Classified by Subject 158 

Information Retailing — 

Classified by Services 168 

IV SUPPORT SERVICES & SUPPLIERS (7-9) 

(7) Terminal Manufacturers 174 

(8) Consultants <& Other Suppon Services 177 

Consultants & Other Support Services — 

Clas.sitled by Services 180 

(9) Foreign Representatives 180 

V ASSOCIATIONS i GOVERNMENT 

AGENCIES ( 10- ID 

( |0) Ass(K'tations 184 

I I D Government A: International Agencies . 188 

VI CONFERENCES & COURSES (12-13) 

( 12) Calendar 190 

(13) Courses 193 

VII SOURCES OF INFORMATION ( 14- 15) 

(14) Reference Btvks 1% 

( 15) PerunJicals & Newsletters 199 

GEOGRAPHIC INDEX 203 

NAMES lV M MBERS 221 


Source : Information Market Place; 1978-79 
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Appendix B 


Subject area headings from Information Market Place . 
1973-1979 used to select data bases of direct relevance to a 
private sector scientist or technologist: 


Aerospace and Aeronautical Engineering 
Agriculture and Agricultural Engineering 
Astronomy 
Biology 

Chemistry and Chemical Engineering 
Civil Engineering 

Computers. Data Processing Systems 
Current Research Projects 
Earth and Space 

Electronics and Electrical Engineering 

Energy 

Eng ineer ing 

Envi ronment 

rood Science 

Gsneral Science and Technology 

Geology 

Life Sciences 

Mathemat ics 

Mechanical Engineering 

Med ic i ne 

Metal lurgy 

Nuclear Science 

Patents 

Petrol eum 

Phys ics 

Pol lution 

Technology 

% 


95 
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AppendiK C 


The data bases selected ior the sample studied in 
report, and their publishers. are: 


DATA BASE NAME 


DATA BASE PUBLISHER 


1 . API Tech Index 

2. ASTn Infrared Data Base 

3 . Agricola 

4. Biosis Previews 

5. CA Condensates (CA Con) 

6. CA Subject Index 

7. Cancerproj 


American Petroleum 
Ins ti tute--CAIS 

Sadtler Research 
Laboratories. Inc. 

National 

Agricultural Library 

BioSciences Information 
Service (BIOSIS) 

Chemical Abstracts 
Service 

Chemical Abstracts 
Service 

International Cancer 
Research Data Bank: 
Smithsonian Science 
Information Exchange 


3. Chemical Abstracts Service 

Source Index Chemical Abstracts 

Service 


9. Chemical Industry News 

(CIN) Chemical Abstracts 

Service 


10. Clirprot 


International Cancer 
Research Data Bank 
Progroin (ICROG) 


this 


1 
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1 1 . 


12 . 

13 . 


14 . 

15 . 

16 . 


17 . 
18 . 


1 9 . 


20 . 


21 . 


22 . 


23 . 


24 . 


Computer and Information 
Systems Abstracts; 
Electronics and 
Communications Abstracts 


Conference Papers Index 

Defense Market Measures 
System 


Discontinued Diode 


Discontinued Thyristor 


Drug Product Information 
File 


Elastomers 


Energy Conservation 


EnergyLine 


Environmental Impacts 


Food and Agricultural 
Chemistry 


Geological Reference Fil 
( GeoRef ) 


Hydrological Information 
Storage and Retrieval 
System (HISARS) 


Cambridge Scientific 
Abstracts* Inc. 

(CPI ) 


Frost and 
Sullivan- Inc. 

Cordura 

Publications* Inc. 
Cordura 

Publications* Inc. 


American Society of 
Hospital Pharmacists 

Cordura 

Publ icat i ons > Inc . 

Energy and 
Cnvi ronmental 
Response Center 

En V i r onmen t 
Information Center 
(EIO* Inc. 

Energy and 

Environment Response 
Center 


Chemical Abstracts 
Service 


American Geological 
Institute 


Biological and 

Agricultural 

engineering 


IRIS Infrared Information 
System 


\ 
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Sadtler Research 
Laboratcri es * Inc. 
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25. 

26 . 

27 . 
28. 

29 . 

30 . 
3 1 . 

32. 

33. 

34 . 
35. 

36 . 

37 . 
38. 

39 . 

40 . 


Int«riacc Integrated 

Circuits Cordura 

Publ icat ions • Inc. 

Linear Integrated 

Circuits Cordura 

Publications. Inc. 


Maritime Research 
Iniormation Service 

Medical Subject Headings 
(MeSH) Vocabulary File 


Microwave Tubes 


NASA RECON 


Optoel ec t ron ics 


Pharmaceutical News 
Index (PNI) 

Polymer Science and 
Technol ogy 


Production Standards 
Format 


Requests for Comments 
( RFC ' s ) 


Science Citation 
Index (SCI) 


Sma 11 Bus i ness 
Data File 

TTD Keyterm Index 


MRIS 


National Library 
of Medicine 

Cordura 

Publications. Inc. 

NASA I AC/Knoul edge 
Availability Center 

Cordura 

Publ ications . Inc . 


Data Courier. Inc. 


Chemical Abstracts 
Service 


Petroleum Information 
Corporation 


ARPANET Netuord 
Information Csnter 


Institute for 
Scientific Information 

International Data 
Corporation 

Institute of Textile 
Technology 




Total Marketing Analysis 
Research Service LMS Inc. 

Transdex Bell and Howell Micro 

Photo Division 
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Ml. Well History Control 
System (UHCS) 


Petroleum Information 
Corporation 


42. World Energy Supplies 
System (Uorldenergy ) 


United Nations 

Statistical 

Office 


t 
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Appendix D 

DIALOG DATABASES - NUMERICAL LISTING 


7 ?riL£3 
Aecaailal* 

l» mic M-7»/SWT 

2 CA SEARCa (7-71 

3 rA SlAJICa 72-7( 

4 CA SIAIKJI 77-7*/VOt 71(10 

5 ItOSIS PRZVIEHS 74-79A3CT 

6 trriS (4-79/ISS21 

7 SOCIAL SCISCASOI 72-79/VK3t 
a COHPCNPZZ 70-79/SW 

* AITt'Ain 47-76 

10 ASAICOIA 79/JUL 

11 NTCn AS5 67-79/SCP 

12 Itarzc (»-77 

13 IKSPCC 7(-79/ISSia 

14 tsi«c-«cn CT<m 73-77/OCT 
H Aai/IWOWI 71-77/SrP 

14 Mf^r 72-77/'OCT 

17 PTS PRtOALCar OCT 2» 

18 P 4 S IimEXO 74-77/OCT 

19 CRCH IMO NOTES 74-77/T$S4( 

20 reocPAi. rsoex 74-77/AOG 

21 (•Ofdln**! 

22 EIS PLANTS .<fAr79 fTTPCS SO. 70 EACH) 

23 CLAirOI/aiE.r 19S0-1970 

24 CLAPei/U.S. PAT t.771-1777 

27 CLAIK.7/U.S.PAT ASS 7S-77.'A!JCi SEE PILES 23.24.129 

24 POUNOATIOK OIRECTOBT 1977 EO. 

27 POCniPATIOH OPAKTS 73-79/AP9 

25 OCEANIC AOS ri-79 

29 NBT/GEOASTPO ASS 70-79/TBa 

30 (•oS*lin4») 

31 CHEWAAKCni PILE 

32 NETAaCE (4-79/JUM 

31 MOULD ALUntinm ANS 48-79/JOL 
34 SCISEAltOI 7S-77/VTJ( 

19 COKP OlSSSirr ABS U41-1779/SEP 
34 LAKCOACE ASS 73-7a/ISSC4 

37 SOCIOLOGICAL ABS 43-79/IOSOl 

38 A-iESICAj BIST 4 LIPE 73-78/ISS03 

39 SISTOBICAL ABS 73-74/ISSOJ 

40 CMVIROLINE 71-79/AUG 

41 POLLOTION ABS 70-79/JUL 

42 PHARH ITEMS INDEX 74-79/SErT 

43 CA PATENT CONCORDANCE 72-78 

44 AOUATtC SCI AES 78-79/APR 
49 APTIC R8-78/0CT 

48 NICIM 1977 EO. 

47 HAGAI INS INDEX 77-79/OCT 

48 PIRA 79-79/SEPT 

49 PAIS INTERNATIOMAL 74-79/JQL 

90 CAB ABS 72-79/JUL 

91 rSTA 49-79/AOC 

92 (•offliB4») 

53 (•otTlln**) 

94 ECER/EXCEP CMILO Si-79/nAT 
99 BIOSIS PREVIEWS (9-73 
94 ANT MODERN 74-78 
97 PNILOSOPNEB ‘S INDEX 40-79/HAY 

58 GEOARCRIVE 74-79/NAR 

59 PROST 4 SULL VAN 0M2 75-78/ISS03 
40 USOA/CRIS 75-79/Jin» 


41 LISA 4»-79/m 
(2 SPIN 79-79/AOO 

43 KRIS AUTRACn TB-79/JI«S 

44 aiLO ASOSE ANB NEGLECT SEPTEMKR 1979 ED. 

(9 83 1C CORlSirr RSSEANCE 71-79/JIIL 

48 SPO MXriRLr CATALOG JDL74-79/SCPT 

87 U08L0 TtXriLCI 7B-79/JUL 

88 CPB 74-79/Jin. 

89 ENBKTLINE Tl-TS/SEP 

70 NXCSSN/MIMIE 1978 EO. 

71 NLA Inti. BihltesrapAy 7S-'>7 

72 E I C E N P T A NEOICA 79-79/ISS31 

73 BXCERPTA NEOICA IH-PBOCESS 79/1 SS 39 

74 IPA 70-79/Jini 

79 NCNT COWTENTS 74-79/SEP 
78 (*o(£liim*) 

77 CQHfERENCI PAPERS INDEX 73-79/AOC 

78 NRTIONAL POONOATtOHS 1979 ED. 

79 POODS AOLIBSA 74-79/SBPT 

80 (•o((lin««) 

81 PTS US STAT ASS 71-79 

82 PTS US ANL TINE .TERIES JDN79 

83 (•Offlin**) 

84 (•efflin**) 

89 (•Offrtnn*! 

84 PTS IWTL STAT ABS 71-79/AUG 

87 PTS PRN ANL TINE SCRIES SEPTS 

88 (•offllnn*) 

89 (*oftlin«*) 

90 EOONOKIC ABSTEACn INTL 73-79/SEPT 

91 (•OCflllM*) 

93 EIS NORMANITPACnaiNC NATTS (TYPES 80.50 EACTI 

93 O.B. Policteal Seiane* Doc j— n t« 75-77 

94 SCISEARCB 74-77 

99 RAPRA ABSTRACTS 72-79/SSP 
94 (•otflina*) 

97 RILN 8/20/79 

98 r 4 S rWOEXES 72-75 

99 NCLOASCARCH 1974- 79 /JOB 

100 DISCLOSURE 79-79.0n(4J 

101 (•offlliWI 

102 (*om!n«*1 

103 (•oPrilna*) 

104 (•etPlina*) 

105 POBIIGB TRADERS INOSZ 79/OCT 
104 TRAOS OP P OBTCN1TIES/77-T908 
107 TRADE OPPOKTDWrTIES/791030 
lie ACUCOLA 70-T4/OBC 

111 NATIONAL NBNSPAPCI INDEX 79-T9/OCT 
113 AquNCvltnre 79 

113 (*efflinn«) 

114 CNCTCLOPEOIA OP ASSOCIATTONS CO. 13 
124 CLAINB/CLASS JONS 1479 CO. 

139 CLAXHS/U.S. PATS. ABS. WEEKLY 10/02.^9 
200 DIALOG PUBUCATTONS 79/SKP 
301 ONTAP EBXC 

204 ONTAP CA SEARCB 19,709 OOC U N EN T S 
211 (•atriina*) 

331 ONTAP CIIEMIAM (TN) 24.494 SUBSTANCES 
911 NEMSEABCn 


♦Trademark Reg. U.S. Pat. & Trodemork Office. 

Source: Gui(3e to Dialog Searching . Lockheed Corporation 
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The publishers of the sample data bases, listed 
alphabetically: 

1. American Geological Institute 
Z. American Petroleum Institute 
3. American Society of Hospital Pharmacists 
<4. ARPANET Network Information Center 
b. Bell and Howell Micro Photo Division 

6. Biological and Agricultural Cngineeritig 

7. Biosciences Information Service (BIOSIS) 

8. Cambridge Scientific Abstracts, Inc. 

9. Chemical Abstracts Service 

10. Cordura Publications, Inc. 
n. DMS, Inc. 

12. Data Courier Inc. 

13. Energy and Environment Response Center 

14. Energy Information Center 

15. Frost and Sullivan Inc. 

16. Institute for Scientific Information 

17. Institute of Textile Technology 

18. International Cancer Research Data Bank Program 

19. International Data Corporation 

20. Maritime Research Information Service 
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21. NASA I AC/Knoul edg e Availability Center 

22. National Agricultural Library 

23. National Library of Medicine 

24. Petroleum Information Corporation 

25. Sadtler Research Laboratories Inc. 

26. United Nations Statistical Office 
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Appendix F 


A Theoretical Discussion of the Data Base Industry 

Structure 

An attempt uas made to perform some theoretical analysis of 
the data base industry structure. This analysis uas 
inspired by the uorks of Baurnol. Fischer, and Braunstein, 
uho have investigated cost and revenue functions from the 
perspective of firms producing heterogeneous goods. This 
perspective emphasizes a multi-dimensional analysis of the 
revenue and production costs of every combination of 
produced goods, by ' ' sking at revenue and cost behavior 
along and between many "output rays" in "production space." 
The key point is that the production of certain combinations 
of industrial goods may be characterized by 
complementarities of production and/or complementarities in 
consumption. If there are such complementarities, then the 
industry's production costs uill decrease and/or the 
revenues uill increase, respectively, with multi-good 
production. Thus, the industry uill find it more profitable 
to produce particular combinations of several kinds of 
goods. Conversely, if a combination of goods is subject to 
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substitution in production and/or consumption* then the 
industry will be characterized by firms each producing a 
specialized and unique product. 

If it is possible to demonstrate that there are 
complementarities or substitutions in production and/or 
consumption of certain goods (here— types of data bcses). 
then one could demonstrate that there may be "natural" 
limits and "ranges of production" for firms in an indi*'.*try. 
This would be counter to historical Economic wisdom* which 
has often labelled an industry with a few large producers 
and many small ones as "oligopolistic" and hence 
inefficient. Does the publishing activity of the sample 
publishers indicate a data base industry oligopoly* or a 
reflection of natural consumption and production forces? 

This author* much to his regret* has no well-formulated 
answer to the above question. 

There is great appeal in hypotheses focusing on the 
consumption side* and how this could largely determine a 
firm's size of production Chemical Abstract's data bases 
most likely address much different user needs than do 
Cordura's or Sadtler Research Labs'. The six Chemical 
Abstracts data bases in the sample are bibliographic* 
whereas Cordura's seven and Sadtler's two are all 
non-b i b 1 i og ra ph i c . The temptation is to assume that 
Chemical Abstracts data bases address users who would have 
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"complcmentaritifc'.t" in consumption. This uould indicate 


that Chemical Abstracts should produce more data bases and 


types oi data bases than the other tuo. This distinction. 


however. does little to illustrate why both Chemical 


Abstracts and 

Cordura are 

"large" (14 

and 26 

data bases. 

respectively) . 

and Sadtler 

is " 

s«?al 1" 

(3 data 

bases ) . A 

proper evaluation of this 

issue 

would 

involve investigating 

all data bases produced 

by 

each 

0 f the 

twenty-six 

publishers . 

However. on 

the 

basis 

of the 

data bases 


included in the sample, and at this level of analysis. this 
does not appear a fruitful avenue of further research. 

Looking to the production side for possible 
complementarity or subsitution of production, there are some 
a priori reasons to eKpect either substitutions or 
complementarities in the production of many types of data 
bases. The least controversial reason to expect 
complementarity in production is that producing a data base 
involves extensive organization and the writing oi general 
softuare--each cf which is a major front-end investment. 
Once made. these investments can be applied to the 
production of other data bases. Furthermore, if a firm owns 
its our. computing facilities. then it is usually in the 
company's interest to spread the high fixed costs of this 
equipment over as much work as possible. Validating this 
would require examining the production processes and 
facilities of each data base publisher. 
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On the other hand, it could be possible that producing 
certain types oi data bases involves exceptionally high 
production costs for a very specialized product, thus 

creating the potential tor substitutions in production. For 
example, suppose there are extremely high fixed costs in 
developing data files and software to store and access 
chemical information by molecular formula. This could be an 
example where it is economic for a firm to produce only one 
or a few data bases, since the technology involved in these 
data bases may not easily be applied to other data bases. 
Yet, such data file and software technology would probably 
find success in separate data bases covering topics such as 
physical chemistry, organic chemistry, biochemistry, general 
medicine, pharmacology, toxicology, materials science, etc. 
Perhaps a better example would be to determine if Sadtler 
Research Labs has such a specialized expertise, and such 
specialized technological needs for its infrared spectral 
information data bases, that there would be diseconomies for 
Sadtler to produce other types of data bases. 

An empirical study of cost functions would be of use in 
investigating this question. 

Tliere is an empirical study of the journal publishing 
industry which is interesting to cite in relation to this 
discussion. Baumol and Braunstein have performed an 
empirical study of scale economies and production 
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complementarities for a sample of nonprofit publishers of 
scientific journals.^' Baumol and Fischer estimated a 
variety of cost functions* and found that about tuo/thirds 
of the firms were close to their "minimum cost locus*" so 
that neither merging nor splitting these firms would reduce 
their costs. Furthermore* up to the "minimum cost locus*" 
or "point of minimum ray average cost." costs per journal 
declined with the number of journals per publisher. The 
remaining o.^e/third of the publishers was said to be in the 
region of "sub-additivity*" such that limited amalgamation 
might reduce the firm's cost. As the journal publishing 
industry is more established than the relatively new machine 
readable data base industry* it would be interesting to see 
how close machine rea''. able data base publishers are to the 
points of "minimum ray average cost." 


% 


Baumol* U. and Braunstein. Y.: "Empirical Study of Scale 
Economies and Production Complementarity: The Case of 
Journal Publication*" Journal 2 I Political Economy Volume 
85, number 5: October 1977; pages 1037-1048 
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Abstract 


This paper is concerned with the lag which occurs between the start 
of NASA-aponsored research and the developaent of new technology. It Is 
obvious that sooe lag exists. Technology does not spontaneously result 
the moment research commences. The crucial question here Is, Is there a 
conson gestation period for all NASA technology? 

Social scientists studying the output of privately financed research 
and developaent have assumed the existence of such a common gestation 
period or lag. For example, F. M. Scherer's recent work ~The Propensity 
to Patent** tries to correlate R&D expenditures trith patent output in 
various Industries. Scherer compares R&D expenditures made In 1974 to the 
patents Issued between June 1976 and March 1977 obtaining a 9 to 30 month 
period between research and patent application. 

This %iork attempts to measure the lag by correlating measures of R&D 
efforts with measures of technological output. Such output measures are 
only as good as the data on which they are based, so data problems are 
discussed In some detail. 

The Iag!i found by the procedure described li. this report vary from 
zero to one year, significantly shorter than Scherer's findings. A 
possible explanation for this difference is that research on government 
R&D projects conatences before the indicators of research effort show a 
change . 
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1 . INTRODUCTION 


This paper is concerned with the lag which occurs between the start of 
NASA-sponsored research and the development of new technology. It is 
obvious that some lag exists. Technology does not spontaneously result the 
moment research commences. The crucial question here is, is there a 
common^ gestation period for all NASA technology? 

Social scientists studying the output of privately financed research 
and development have assumed the existence of such a common gestation period 
or lag. For example F. M. Scherer's recent work "The Propensity to 
Patent”* tries to correlate R & D expenditures with patent output in 
various industries. Scherer compares R & D expenditures made in 1974 to the 
patents Issued between June 1976 and ^a *• 1977. This implies a lag of 18 
to 39 months between research expenditures and the patenting of new tech- 
nology. If we subtract the average nine months it takes to obtain a 
patent,^ we obtain a 9 to 30 month period between research and patent 
application. 


^ The word "common” was chosen deliberately. An alternative is "average", 
but an average can always be calculated from obsex vatlor^s of lag times. 
"Common" implies the variance in lag times for different technolc'gies is 
small. 

2 

Presented at the 1980 Allied Science Association Meeting at Denver 
Colorado, September 5, 1980. 

^ This was reported by C. A. Agnew et. al . , "A Study of Some of the Effects 
of rublic R&D on the Private Sector," Princeton, N.J.: Mathtech Inc., 

October 30, 1979. 
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This work attempts to measure the lag by correlating measures of R & D 
effort with measures of technological output. Such output measures are only 
as good as the data on which they are based; data problems are discussed in 
some detail below. 

The following monel will be the focus of our thinking on the relation- 
ship between research and th , ievelopment of new technology. 

T(k) - f(R(k-m),R(k-nH-l),...,R(k-l),R(k)) (1) 

where T(k) is the technology developed in year k 

R(l) is the research effort made in year i 

m is the number of years after which 
research effort does not affect 
technological output 

Equation 1 suggests that the technologj' developed in time period k, 
T(k), is a function of the research effort, R(-), made in time period K and 
in previous time periods k-1, k-2, ... , k-L. The function f(.) generally 
can take on any form. For this exercise however, only llrear models will 
be considered. The relationship as written also suggests that the func- 
tional relationship remains constant through time. 

This is what the linear model proposes: 

T(k) - a + c R(k-m) + ... + c R(k) (2) 

m 0 
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A nonlinear model Is more complex than this. However, it allows addi- 
tional units of research effort to have different marginal effects. Econo- 
mies of scale therefore can be modeled such that additional research efforts 
result in more than proportional increases in technological output. Scherer 
tests for nonlinearities in his work^ and finds that statistically signifi- 
cant nonllnearltles existed in sume Industries and not in others. The 
significant nonllnearltles were both positive and negative indicating both 
economies and diseconomies of scale. 

Scherer’s finding of statislcally significant departures from the 
linear model benefited from an extremely large sample size. There are not 
enough data points available for this study to attempt to draw equally 
strong conclusions. For example, in a quadratic model, ignoring interaction 
effects (l.e. cross-product terms), the number of coefficients %»hich must 
be estimated is one less than twice the number to be estimated for the 
linear equation. A linear three year lag model requires fou* coefficients 
while the quadratic three year lag model requires seven. 


% 

^ Scherer, 0£. cit . 
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2. MEASURING RESEARCH EFFORT AND TECHNOLOGY DEVELOPMENT 


Social scientists have alwa/s found It difficult to study research and 
technology. Many of their problems have related to data; those wishing to 
make statistical Inferences about research and technology are forced to 
utilize Indirect Indicators of these quantities. Results and Interpreta- 
tions of studies using such Indicators are questioned by academics and deci- 
sion makers dllke. 

Social scientists commonly use two different Indicators of research 
effort:^ R&D dollars spent and employment of scientists and engineers; 
they also comonly use two different Indicators of technological output: 
Invention disclosures reported and patent applications made. Each of these 
measures has Itawbacks when used to study Industrial research and develop- 
ment, as discussed In the following subsections. 


2.1 R&D DOLLARS 

Generally the amount of money spent on R&D Is not consistently measured 
because accounting practices vary from organization to organization and 
through time. In the case of NASA, this Is not an Important consideration, 
unless comparisons are made between NASA and other R&D entitles. However, 
other problems exist. 

From the viewpoint of federal budgeting, NASA Is an R&D agency, and 
almost every dollar It spends Is considered R&D spending. Unfortunately, 

^ For example, Solo's and Scherer's work already mentioned. 
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much of this money is not spent on research or the development of new tech- 
nology. For example, the money NASA spends acquiring launch vehicles is 
considered R&D spending. This is the case even though the technology for 
making a Centaur or Delta rocket has already been developed, and paid for. 
The same is true for the procurement of other technologically advanced 
equipment (e.g. computers, tracking devices). 

It is possible to look at NASA budgets and roughly separate the money 
spent on "true" R&D from the rest. However, exercises of this type result 
in expenditure estimates that tend to be proportional to the total NASA 
budget.^ Hence, the resulting expenditure streams should result in statis- 
tical predictions that do not differ by more than a proportionality con- 
stant. 

The work reported here therefore uses total NASA expenditure figures, 
rather than picking out research expenditures from the rest. Figure I gives 
the history of NASA outlays in constant dollars by calendar year. The 
figures were derived from fiscal year data by averaging, and converted to 
constant dollars using the GNP price deflator. (The data used for the 
figure are given in Appendix A. Its derivation is described in Appendix C.) 


^ Unpublished work by Henry Hertzfeld at NASA demonstrates this fact, but it 
is not surprising that this should be the case. The budgetary process is 
such that it la easier to get congressional approval for budgets that are 
proportional to previous budgets than to risk major changes. 
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Figure I 


NASA R&D OUTLAYS 
By Calendar Year in 1972 Dollars 



YEAR 


2.2 NASA EMPLOYMENT 

As measures of R&D effort employment statistics face criticism because 
employees differ In ability, desire and level of interest in their work. 
Moreover, Individuals counted as scientists and engineers nay actually be 
management personnel, no longer engaged in research. Records exist on the 
number of civil service employees working for NASA through the years. 


i 
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showing what type of worker they were. However, since NASA contracts with 
private firms for most of Its research, these numbers do not give a complete 
picture. Some records are kept on the number of people employed by con- 
tractors. Unfortunately, these are kept for only a small percentage of 
contracts. NASA estimates the employment generated by other contracts from 
budget expenditures using a multiplier and price deflator. The resulting 
employment figures are definitely not Independent of expenditure records. 

Even though employment records do not exist for the entire NASA pro- 
gram, the In-house emplojnnent records are valuable because the number of 
NASA employees classified as scientists and engineers provide an Indirect 
measure of NASA's Internal research and development effort. However, this 
figure still has the drawbacks that some scientists and engineers perform 
management tasks or oversee contract research, and do not perform research 
themselves. Still, the Internal figures are probably a better Indicator of 
NASA's Internal research effort than the totals, and are used here for that 
purpose. 

The employment history Is given In Figure II. (The data are given In 
Appendix A. Its source Is described In Appendix C.) 

2.3 INVENTION DISCLOSURES 

NASA employees and contractors are required to dlscl<' le potentially 
significant Inventions to NASA. A general problem with Invention disclosure 
reporting, however, Is that Individual technologists are subject to the \ 

varying rules of their particular organization. In addition, there Is the 
Inherent desire of private organizations to keep Inventions secret. 
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HOOrt Q'oALri'Y 

Figure II 

NASA EMPLOYMENT OF SCIENTISTS AND ENGINEERS 



YEAR 


Both NASA employees and contractors are required to report newly 
developed technology to NASA authorities. The reports are made to the NASA 
field center responsible for the work and coordinated by a technology util- 
ization (TU) officer. The TU officer assigns a case number to the invention 
and starts a screening process which leads to decisions on whether or not a 
patent application should be made and whether or not the new invention 
should be announced in the NASA's Tech Brief Journal . All inventions which 
enter the screening process are counted as invention disclosures. 
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Invention disclosures thus have a problem, shared vrlth patent data, 
when used as Indicators of new technology: the disclosures are for inven- 
tions of differing quality. It might be more accurate to use >nly inven- 
tions which successfully pass through the screening process; for such inven- 
tions, either a patent application is made or an anouncement is made in the 
Tech Brief Journal . Unfortunately data on such inventions are not readily 
available . 

Difficulty in identifying which inventions are to be reported also 
leads to problems with the disclosure series used here. Companies working 
for NASA are required by their contracts to report any new technology devel- 
oped. Contractors and contract managers have guidelines for reporting of 
new technology. The guidelines were printed In handbooks and published In 
1966 and 1969.^ The rules for reporting have not changed since then but 
the NASA effort put Into enforcing the rules has not necessarily been 
constant. If the effort has remained constant then the invention disclo- 
sures are equivalent measures for each year since the reporting rules 
were published. On the other hand, if, as seems likely, NASA's enforcement 
effort has been flagging, then the more recent invention disclosures tend to 
understate the technology developed. 

Even NASA employees do not operate under a clear a set of invention 
disclosure rules. Invention‘s are reported by employees and their super- 
visors to Technology Utilization (TU) Officers at each field center. The 
J reporting takes place because employees are aware of the TU program and 

^ These are NASA Handbook (NHB) 2170.1 and NHB 2170.3. 
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because of an Incentive Awards Program. The Incentive Awards Program at 
NASA rewards inventors based on the value of their invention (as determined 
by ar awards committee). The relationship between this program and inven- 
tion reproting is not clearly defined. It is very difficult to say how 
employee invention reporting has varied over time at NASA. 

The invention reporting records are given in Figure III. (The associ- 
ated data are given in Appendix A. Its source is described in Appendix C.) 

Figure III 

NASA INVENTION DISCLOSURES 


4000 
3000 
2000 
1000 
0 

1959 1962 1965 1968 1971 1974 1977 1980 

YEAR 

Legend: 

T is Total Disclosures 
E is NASA Employee Disclosures 
C is Contractor Disclosures 
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2.4 PATENT APPLICATIONS 

The general problems with using patent applications as an Indicator of 
the results of R&D Include: patent policies vary from organization to 
organization; patents do not promote the commercialization of technology 
that Is not patentable; and It does not always pay to patent those new tech- 

Q 

nologles which are patentable. 

At NASA, patent applications are filed for ten to twenty percent of the 
Inventions reported. Title to patented inventions can be obtained by NASA, 
the contractor or the NASA employee Inventor. NASA obtains title to all 
patented Inventions not wanted by their Inventors. Final disposition of 
title to other Inventions depends on the applicability of NASA's Patent 
Waiver Regulations (for contractors) and Executive Order 10096 Issued by 

Q 

President Nixon (for employees). Only a few employee patents are not 
owned by NASA while approximately half of the contractor patents remain with 
the contra tor. 


Q 

These problems have been discussed In detail by many of the scholars who 
have used these data before. Almost all discussions reference Jacob 
Schmookler's work. His discussions are contained in his book Invention and 
Economic Growth , Cambridge: Harvard University Press, 1966; and the first 
part The Rate and Direction of Inventive Activity , The Unlversltles-Natlonal 
Bureau Committee for Economic Research and the Committee on Economic Growth 
of the Social Science Research Council, Princeton: Princeton University 
Press, 1962, pp. 19-92. Recent work by Donald A. Dunn also discusses the 
problems of patents as Indicators of the advancements In some technologies: 
"Information Resources and the New Information Technologies: Implications 

for Public Policy", National Science Foundation report to the President and 
Members of Congress, The Five Year Outlook on Science and Technology , Vol II 
pp . 493-507, May 1980. 

Q 

It Is not clear what happened to employee inventions before the Nixon 
order, but since so few employees have tried to keep their Inventions, the 
numbers are not significant. 
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Other problemn associated with patents as Indicators of R&D output 
relate to the government's decision making process for patents. Private 
companies tend to acquire patents for commercial reasons; the government 
does not base its decision entirely on the commercial potential of an Inven- 
tion.^*^ "Defensive” reasons are often mentioned to justify obtaining 
patents on NASA Inventions without commercial potential; this Includes NASA 
obtaining patents to prevent companies or foreign governments from acquiring 
exclusive rights to technology It needs for various missions. Another 
reason mentioned Is to reward employees for vrork done; an employee who makes 
a useful but not commercially valuable Invention Is rewarded by having the 
agency obtain a patent. 

Since many patenting decisions are not made solely on the basis of 
commercial factors, patents may not be a stable Indicator of the output of 
newly developed technology. In fact If we look at NASA's patent history, we 
find that the number of patent applications made by NASA has remained rela- 
tively constant. The number has not been nearly as volatile as Invention 
disclosures. As Invention disclosures declined In the 70' s, the percentage 
of disclosures for which patent applications were made. Increased. This 
suggests that patents In the later years overstate the technology developed 
by NASA coapc:ed to the earlier patents. 


This difference has been recognized for a long time. See for example Mary 
A. Holman, "The Utilization of Government Owned Inventions", Patent 
Tr ademark and Copyright Journal of Education md Research (IDEA) , 

7(2):109-?, 1963; Donald S. Watson and Mary A. Holman, "Pacents From V 

Government Financed Research and Development", Pate nt Trademark and 

Copyright Journal of Education and Research , 8(2):pp. 199 ff, 1964; and 

Robert A. Solo, "Patent Policy for Government Sponsored Research and 

Development", Patent Trademark and Copyright Journal of Education and 

Research , 10:143-206, 1966. 
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NASA's patent application history is given in Figure IV. (The data on 
which Figure TV 1s based can be found in Appendix A. Its source is des- 
cribed in Appendix C.) 


Figure IV 

NASA PATENT APPLICATIONS 


Ck’: 

or poor< 







YEAR 

Legend : 

T is Total Disclosures 
E is NASA Employee Disclosures 
C is Contractor Disclosures 


% 
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3. THE STATISTICAL TESTS 


3.1 METHOD 

The statistical method for determining %^ether a common lag exists Is 
based on Mlzon, who suggests sequential testing of related hypotheses. 
First equation 2 Is restated. 

T(k) « c(o) R(k) + c(l) R(k-l) + ... + c(m) R(k-m) + a (2') 

The number "m" would be a number of years after which research 
effort has no effect on the technology developed In year k. The sequential 
tost hypothesizes a priori a value for m which 1s certain to be valid, and 
tries to find a smaller lag which Is consistent with the observed data. 
Given the formulation of Equation 3, we test the hypotheses 

H(m): c(m) ■ 0 

H(m-l); c(m) “ c(n»-f) “ 0 

H(m-2): c(m) - c(m-l) ■ c(m-2) “ 0 


Each hypothesis Is tested by forming an F-ratlo. When the probability 
level of the teat reaches a critical level (l.e. when F becomes large enough 
to reject H(m-f) say), the procedure stops and the hypothesis accepted is 
that the lag Is 1. The test proceeds backwards (from longer to shorter 
lags) . 


^ Grayham E. Mlzon, “Inferential Proceedures In Nonlinear Models: An 

Application of a UK Industrial Cross Section Study of Factor Substitution 
and Returns to Scale", Econometrlca, A5( 5) : 122 1-12A2 , 1977. 
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In this work, the tests are performed with an m of 5. A hJ «her value 
of m would have left very few degrees of freedom. As it is, with 21 
observations on research effort and technological output, data lagged five 
years allows only 16 cases to he used in the statistical calculations. 

Although the tests described above are not necessarily Independent, the 
critical value is chosen as if this were the case. If the overall critical 
value of the test is to be A the individual F tests have a critical value of 
A' where 


A - 1 - (1 - A’)**M 

cr approximately. A' ■ A/M. The goal was to obtain overall results at a 5% 
level. Hence in the case of M * 5, each individual test used a IX critical 
value. 

3.2 RESULTS . 

Six sets of hypotheses were tested. The results are given in Appendix 
B. The Appendices tables show the F statistic for the test that the last 
m-I variables are zero, (m is the maximum lag and I 1s the hypothesized 
lag.) Also contained in these tables are the coefficients of the resulting 
models, computed two ways: with and without an intercept. (In many cases 

the Intercept was not significantly different from zero.) The tables below 
summarize the results of the Appendices. It shows the lag (Ji.) obtained from 
each specification of dependent and independent variables. 
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Table of Significant Lags for m - 5 


Independent 

Variable 

Dependent 

Variables 

Lag 

Total 

Invention Disclosures 

Total Outlays 

1 

Total 

Patent Applications 

Total Outlays 

1 

Contractor 

Invention Disclosures 

Total Outlays 

1 

Contractor 
Patent Applications 

Total Outlays 

* 

Employee 

Invention Disclosures 

Employment 

0 

Employee 

Patent Applications 

Emplo 3 nnent 

* 


* No relationship was significant. 
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4. CONCLUSIONS 


The lags found by this procedure vary from one to zero years. This Is 

1 2 

shorter than Scherer's aaumptlon of 9 to 30 months. A possible 
ecplanatlon for this difference Is that research on government R&D projects 
commences before the Indicators of research effort show a change. For 
example, when the government contracts with a company to do research, the 
company may have done some work prior to the execution of the contract. 
Further expenditures vd.ll be recorded by NASA only after they are billed for 
work executed by the contractor. Also Important Is that a large payment may 
even come at the end as with many Incentive award contracts. 

Thus, the time between when the money Is spent and an Invention is 
disclosed or patent application Is made may be shorter than the time between 
when the contractor does the work and prepares a disclosure or patent 
application. These factors suggest the the shorter lags discovered here are 
not unreasonable. 

The lags between employment and technological output appear to be 
shorter than the lags between total outlays and technological output. A 
possible explanation for this result Is that employment figures are even 
slower to indicate changes in research effort than spending changes. Thts 
Is not too surprising since government agencies are slow to reduce their 
size as the work they do is cut back. 

A potentially surprising conclusion Is that the observed lag as It 
relates to patent applications Is shorter than the lag as It relates to 

1 2 

Scherer, op. clt. 
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Invention disclosures. One would think that on the basis of government 
reporting regulations and patent law, the patent application lag should be 
greater than or equal to the Invention disclosure lag. Government 
regulations specify clearly that Invention disclosures are to be made 
promptly upon reduction to practice of the Invention. The decision to 
patent generally Involves an assessment of commercial risk against known 
patenting costs, and a patent application Involves months of preparation. 
Thus, It would be surprising to find a patent application being filed even 
simultaneously with a disclosure for the same Invention, were the world to 
obey government regulations perfectly. 

Furthermore, even If a disclosure to a government agency were to 
constitute a public disclosure (which It may or may not), the firm is still 
granted a one year grace period to obtain U.S. patent rights. Thus, If a 
firm Is only interested In U.S. patent protection, patent law removes the 
Incentive to patent first and disclose later. 

The explanation for this unexpected result lies perhaps in the history 
of Judicial reaction to patent Infringement cases, and In the .esuxtant 
forms of protection adopted by firms. Supreme Court and lower court 
hostility to patent protection. In addition to the cost and lengthy process 
of filing and protecting a patent, has led many firms to adopt "trade 
secret" protection. "Trade secret" protection has been upheld under state 
law, and has been adopted particularly among Industries featuring rapidly 
evolving technology. In these Industries a particular Invention could 
become obsolete even prior to the Issuance of the patent, so that the 
incentive to patent Is entirely removed. 
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Since NASA hires contractors to perform research and development work 
on advanced technology, it is likely that NASA contractors will find trade 
secret protection advantageous. Even if their technology does not risk 
obsolescence in the Immediate future, the firm might evaluate the costs and 
risks of patenting and protecting the patent as being in excess of the gains 
derived from obtaining that patent. Trade secret protection would in either 
case be preferred, and it wuld be to the firm's benefit »'o delay disclosure 
as long as possible. 

The lag between contract funding and either invention disclosure or 
patent application is thus seen to be a function of Individual perceptions 
on the appropriate method of protecting particular Intellectual property, 
and of corporate policy. This insight toay best explain the unusual results 
concerning disclosure and patent lags. For those inventions that are 
perceived best protected by patents, an application is filed early. For 
those on which a patent is not seen advantageous, no disclosure action is 
taken until the latest possible time. Note that this last result can also 
occur because of a human reluctance to engage in auxiliary paperwork, 
leading to procrastination in reporting activities such as invention 
disclosures . 

A final conclusion relates to indicators of technological output. The 
sequential hypothesis testing showed that invention disclosures correlated 
better to the measures of research effort used than did patent 

% 

applications. This suggents that invention disclosures are a better 
Indicator of technological output than patent applications. This is not 
surprising since the decision to make a patent application is more complex 
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than the decision to make an invention disclosure. NASA's attitude 
regarding patent applications has not been as conslstant as its attitude 
regarding invention disclosures. Moreover, most co'^gresslonal interest and 
policy direction has related to patenting rather than the disclosure of 
information. 
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APPENDIX A 


DATA FROM FIGURES IN THE TEXT 


YEAR 

R&D 

EMPLOY 

INVENTION 

PATENT APPLICATIONS 


OUTLAYS 

OF 

DISCLOSURES 

NASA OWNED EMPL 

CNTR 



S & E 

NASA CNTR 

EMPL CNTR OWND 

OWND 


1959 

403C 4 


92 

17 





1960 

831132 


123 

71 





1961 

1439784 


131 

162 





1962 

2701702 


212 

449 





1963 

4701678 

10965 

435 

759 

71 

32 

15 

23 

1964 

6362569 

12249 

412 

1203 

114 

83 

9 

25 

1965 

7429852 

13115 

382 

2094 

149 

91 

9 

45 

1966 

7404628 

13556 

367 

3310 

112 

112 

10 

60 

1967 

6423671 

13956 

487 

3268 

164 

91 

11 

57 

1968 

5439636 

13851 

434 

3551 

106 

163 

10 

48 

1969 

4621709 

13839 

535 

2827 

184 

118 

4 

43 

1970 

3911732 

13837 

415 

2145 

142 

113 

4 

57 

1971 

3547862 

13227 

265 

2145 

165 

85 

12 

66 

1972 

3387050 

12616 

265 

2304 

144 

72 

9 

55 

1973 

3116698 

12085 

279 

1608 

118 

111 

8 

46 

1974 

2809087 

11770 

251 

878 

108 

84 

9 

48 

1975 

2724077 

11665 

260 

1091 

105 

72 

8 

49 

1976 

2815187 

11629 

260 

1152 

no 

93 

12 

31 

1977 

2791196 

11544 

260 

1200 

101 

112 

4 

54 

1978 

2654686 

11 '65 

252 

1123 

75 

140 

2 

38 

1979 

2659570 

11234 

221 

1052 

89 

73 

2 

42 
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Aprendlx B 

Hypothesis Testing with m - 5 


Total Invention Disclosures by Total 
(With Intercept) 


Hypothesis 
Years Tested 

5 

A, 5 

3.4.5 

2 . 3 . 4. 5 

1.2. 3.4. 5 


F-Statlstlc 


2.5:37 

1.6412 

1.5332 

2.9484 

22.5616 


Degrees of 
Freedom 

1 9 

2 9 

3 9 

4 9 

5 9 


Outlays 


Prob < F 


0.1473 

0.2468 

0.2718 

0.0820 

0.0001 


Parameter 


Estimate 


Standard Error 


Intercept 

0 

1 


203.262 
- 3.495 E -4 
8.177 E -4 


169.170 
9.535 E -5 
8.842 E -5 


(No Intercept) 


Parameter 


Estimate 


Standard Error 


0 

1 


- 3.051 E -4 
8.161 E -4 


8.865 E -5 
8.949 E -5 
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Patent Applications by Total Outlays 
(With Intercept) 


Hypothesis F-Statistic 
Years Tested 


Degrees of 
Freedom 


Prob < F 


5 


0.0735 1 


5,4 2.2586 

3.4.5 3.0752 

2. 3. 4. 5 4.0751 

1.2. 3. 4. 5 10.3186 


2 

3 

4 

5 


9 0.7924 
9 0.1604 
9 0.0833 
9 0.0372 
9 0.0016 


Parameter 


Estimate 


Standard Error 


Intercept 209.330 

0 - 3.855 E -5 

1 5.319 E -5 


18.892 

8.41 E -6 

3.42 E -6 


(No Intercept) 


Parameter 


Estimate 


Standard Error 


0 - 1.751 E -5 2.473 E -5 

1 7.493 E -5 2.472 E -5 


C ' ' ' . ' 

Or • ^ V,;L: ilY 
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Contractor Disclosures by Total Outlays 
(With Intercept) 


Hypothesis F-Statlstlc 
Years Tested 


Degrees of 
Freedom 


Prob < F 


5 


4.1834 1 


4.5 2.2531 

3.4.5 1.6947 

2. 3. 4. 5 2.4541 

1.2. 3. 4. 5 18.0903 


2 

3 

4 

5 


9 0.0711 
9 0.1609 
9 0.2371 
9 0.1212 
9 0.0002 


Parameter 


Estimate- 


Standard Error 


Intercept 

0 

1 


77.732 
3.690 E -5 
7.884 E -4 


160.991 
9.046 E -5 
8.414 E -5 


(No Intercept) 


Parameter 


Estimate 


Standard Error 


0 - 3.520 E -4 8.155 E -5 

1 7.875 E -4 8.232 E -5 
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Contractor Patent Applications by Total Outlays 
(With Intercept) 


Hypothesis 
Years Tested 

F-Statlstlc 

Degrees of 
Freedom 

Prob < F 

5 

0.0826 

1 

9 

0.7803 


0.0671 

2 

9 

0.9356 

3,4,5 

0.0504 

3 

9 

0.9841 

2, 3, 4, 5 

0.0381 

4 

9 

0.9967 

1,2. 3, 4. 5 

1.4238 

5 

9 

0.3035 

0,1, 2, 3, 4, 5 

1.25 

6 

9 

0.3676 


Coefficients For A 1 Year 
With Intercept 

Lag 

Parameter 

Estimate 

Standard Error 

Intercept 

119.034 

15.539 

0 

- 2.840 E -5 

6.914 E -6 

1 

3.399 E -5 

6.924 E -6 


- 25 - 



310 


VOLUME I, PART II.B.5 
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Employee invention Disclosures by Employment 
(With Intercept) 


Hypothesis 
Years Tested 

F-Statlstlc 

Degrees of 
Freedom 

Prob < F 

5 

2.0602 

1 

9 

0.2107 

A, 5 

1.4389 

2 

9 

0.3209 

3,4,5 

1.9889 

3 

9 

0.2342 

2, 3, 4, 5 

2.5550 

4 

9 

0.1657 

1,2, 3, 4, 5 

5.9982 

5 

9 

0.0357 

0,1, 2, 3, 4, 5 

19.8761 

6 

9 

0.0024 


Parameter 

Estimate 

Standard Error 

Intercept 

- 419.378 

231.598 

0 

6.070 E -2 

1.845 E -2 


(No Intercept) 


Parameter Estimate Standard Error 

0 0.0274 1.599 E -3 
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Employee Patent Applications by Employment 
(With Intercept) 


Hypothesis 
Years Tested 

F-Statlstic 

Degrees of 
Freedom 

Prob < F 

5 

0.0523 

1 

9 

0.8281 

4,5 

3.5463 

2 

9 

0 . 1099 

3,4,5 

2.1060 

3 

9 

0.1633 

2, 3.4, 5 

2.4460 

4 

9 

0.1766 

1,2, 3, 4, 5 

2.8015 

5 

9 

0.1413 

0.1, 2, 3, 4,5 

6.0/81 

6 

9 

0.0332 


Parameter 

Estimate 

Standard Error 

Intercept 

- 168.758 

64.200 

0 

2.381 E -2 

5.112 E -3 


(No Intercept) 


Parameter 

0 


Estimate 


0.01041 

Coefficients For A 1 Year Lag 
With Intercept 


Jtandard Error 
4.855 E -4 


Parameter 


Estimate 


Scanda*-* Error 


Interce, t - 168.090 

0 1.697 E -2 

1 6.828 E -3 


75.223 
1.200 E -2 
1.164 E -2 




- 27 - 


2\2 


VOLUME I, PART II.B.5 


Appendix C 
Data Sources 

The expenditure data originated from the yearly fiscal data reported In 
the NASA Pocket Statistics of 1980. Foi the years before the transition 
quarter, the value for calendar year X was computed as the average of fiscal 
year X and X + 1. After the transition quarter, calendar year X was 
computed as three-fourths of fiscal year X and one-fourth of fiscal year 
X + 1. For the transition year, the amount was one-half of the fiscal year 
plus the transition amount plus one-fourth of the next year's amount. The 
resulting calendar year numbers were then discounted using the GNP price 
deflator. 

The employment data were obtained from NASA's personnel office. They 
are the number of employees classified as scientists and engineers employed 
at the eiid of each fiscal year. 

The Invention disclosure and patent application Information came from 
the yearly summary of NAsA patent activities put out by the General Counsel 
for Patent Matters. The summary for 1980 was In an undated memo of general 
distribution circulated In mld-1981. 


t 
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fUCAMTZATIOIIAL OPnOIS FOK THE TKAISFKR GT 
SPACE TSCmOLOGT TO COWffiBCTAI. MARKETS 

Donald A. Dunn 
February 1979 

Abstract 


Technology transfer as used here refers to transfers froa the U.S. 
space program to the comer clal t actors of the economy. Over a hundred 
billion dollars have been invested by th'* U.w. in space technology R&D in 
the las;' two decades, and there will undoubtedly be a continuing flow of 
federal funds into this field in the years to come. Many of the technu" 
logical advances that have been made in space technology have been adopted 
by firms producing commercial products. These “spinoffs” from the space 
program have strengthened U.S. industry's competitive position in world 
markets and have provided improved services and products to U.S. 
consumers . 

Various Information services are now provided by NASA to assist 
private firms in taking advantage of new developments in space technol- 
ogy. The issue that is addressed in this paper is, are there other 
approaches to technology transfer that, might supplement the information 
ser'ice approach that NASA has taken thus far? A legislative initiative 
by Rep. Fuqua is reviewed that proposes an organizational form used in 
Japan and England: the private or quasi-governmental research and 


development corporation 
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Background 

Technology transfer is used here to refer to transfers from the 
U.S. space program to the commercial sectors of the economy. Over a 
hundred billion dollars have been invested by the U.S. in R&D in space 
technology in the last two decades, and there will undoubtedly be a 
continuing flow of federal funds into this field in the years to come. 
Many of the technological advances that have been made in space 
technology have been adopted by firms producing commercial products. 

Thtise "spinoffs" from the space program have strengthened U.S. Industry's 
competitive position in world markets and have provided improved services 
and products to U.S. consumers. Some of the fields in which sp”ce 
technology can serve users in commercial markets are as fellows. 

1. Communication satellites. 

2. Remote sensing satellites for earth resources, oceans, 
and weather information. 

3. Space transportation and provision of facilities 
for space industrialization operations. 

4. Space energy. 

Various Information services are now provided by NASA to assist 
private tirms in taking advantage of new developments in space technology 
The issue that is addressed in tris paper is, are there other approaches 
to technology transfer that might supplement the information service 
approach that NASA has taken thus far? A recent legislative initiative 
by Rep. Fuqua is reviewed that proposes an organizational form that has 
been used in Japan and England, the private or quasi-governmental researc 
and development corporation. 
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The investment in space technology has not only resulted in 
specific concepts and pieces of hardware that can be described in 
information bulletins, but also has resulted in a space industry that 
consists of trained peopl ;, techniques, cind specialized facilities 
that are located in a num£>er of U.S. firms and spaceflight centers. 

This industry is capable of producing new space technology for commer- 
cial markets, either by itself or jointly with other industries that 
eire already involved in commercial maurkets. The concept of technology 
trauisfer that is considered here is not the transfer of an existing 
product concept to a commercial market, but rather the use of the 
knowledge base of the space industry to create new products for commer- 
cial markets. It is thus more a transfer of a capability than the 
transfer of information. 

In order to develop new space-based products and services, it Is 
necessary to go through a conprehensive product planning process and 
then the usual development process. Both processes must be carried out 
in close conjunction with potential users, in order to be sure the new 
products or services will be accepted in the commercial market. The 
product planning process, as envisioned here, includes at least the 
following steps. 

1. Product conceptualization. 

What kind of market would be served and what would 
the general aspects of the new product be? 

2. Product design. 

What specific alternatives are available and what 
would be the ’xpected costs for each? 
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3. Market estimates. 

What would the expected revenue be for each alternative 
and what is the range of uncertainty in each estimate? 

4. Institutional factors. 

Are there regulatory or legal obstacles to the introduction 
of the product to the market? 

Can these obstacles be overcome by administrative or 
legislative action or changes in product design? 

This process is a highly creative one, in which a product design 
team that includes team members with a deep understanding of space 
technology and team members with an understanding of specific commercial 
markets work together to evolve a plan for a new product and its 
introduction to the market. 


Organizational Alternatives 

The issue can now be restated as follows. What are some reasonable 

organizational approaches to new product planning of this type? Several 

alternatives immediately suggest themselves. 

1. Leave it to the aerospace firms. 

Leave this process to the aerospace firms that have the 
capability to create new space technology devices and 

systems. If there are profitable opportunities in 
commercial markets, these firms will find them and 
either develop new products by themselves or in 
cooperation with other firms. 
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2 . Tax incentives for R&D. 

Give private sector firms an incentive to conduct R&D 
for commercial markets by giving R&D expenses a special 
tax status. 

3. Government sponsored commercial R&D 

Use government funds to finance private sector development 
of new commerical products, just as government funds are 
used to finance the private sector development of new 
space technology for use by NASA. Product planning would 
be done partly by government, in establishing product 
specifications, and partly by industry, in developing a 
product to meet the specif iciations. 

4. Government product planning and development. 

Carry out product planning and development of new 
products entirely within NASA. 

5. A space research and development corporation. 

Establish a private corporation that would provide funds 
for private sector development of new commercial products 
on the understanding that these funds plus a percentage 
of revenues or profits would be returned to the corpora- 
tion from the revenues obtained by industry from successful 
products. Product planning would be done entirely by 
industry and only be subject to approval by the corporation. 


Some comments on each of these alternatives follow. 


t 
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1. Leave It to the aerospace firms. 

A weakness of this alternative is that the 
aerospace firms have not previously diversified 
into commercial markets. Their marketing operations 
are geared to government markets (and commercial 
airlines) rather than consumer markets, and it is difficult 
to evolve a whole new philosophy when the top management 
must, of necessity, continue to be attuned to the government 
market. Another description of this situation is that, like 
any other firm, an aerospace firm has a list of potential pro- 
jects that it can arrange in order of expected profitability. 
Because the firm is attuned to the government market, its 
most profitable opportunities with the least uncertainty wi]l 
normally be those for government markets. It therefore 
will not choose to develop new products for commercial 
markets, because it has better investment opportunities. 

2. Tax incentives for R&D. 

The weakness of this alternative is that it does not 
necessarily induce firms to do R&D for the commercial 
markets of interest. Firms will first redefine existing 
activities as R&D, in order to receive favorable tax 
treatment, and then if they are Induced to do additional 
R&D, it will quite properly be for whatever projects have 
the highest expected profit. In the case of aerospace firms 
these projects will almost certainly be projects that will 
enhance their positions in their m.ost profitable markets, 
the government markets they know best. 

J. Government sponsored commercial R&D. 

This alternative overcomes the aerospace firms' prefer 'nee 
for government imirkets by providing subsidies for commercial 
product planning and development. However, it introduces 
two serious flaws into the product planning process. First, 
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It puts government managers Into the central role of 
project definition and selection. It is very unlikely 
that government managers with an adequate knowledge of 
commercial markets will be found for this job. Second, 
it forces the product planning process into the open, 
competitive bidding mode of government contracting. A 
key element of commercial product planning and develop- 
ment is secrecy. The advantage that secrecy gives to 
the producer of a new product is a short-term limited 
monopoly in the marketplace. The duration of the 
monopoly can be extended through the patent lavs for 
some kinds of new products, but many new products are 
not patentable. The loss of secrecy involved in typical 
government contracting would result in many of the best 
ideas for new commercial products not being submitted. 

4. Govemment product planning and development. 

An entirely in-house govemment product planning 
and development operation might be more effective 
than the combined govemment- industry contract-based 
arrangement for this type of development. However, if 
NASA were to successfully develop a commercial product, 
it would still have the problem of transferring it to 
the private sector. And if the operation were successful, 
it would be seen as competing with Industry and would be 
put under political pressure to convert to some other 
mode of operation. 

5. A space research and development corporation. 

The only alternative that appears to have any chance 
of doing better than the leave it to the aerospace firms 
option is the private sector research and development 
corporation, set up and initially financed with federal 
funds, but having a long-term objective of self-financing. 
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The key advantages of this type of organization 
would be Its ability to leave the entire product 
planning process to Industry and Its ability to 
protect the confidentiality of Ideas submitted to 
It. It would not be required to go out for competitive 
bids, and It would, therefore, not have to define the 
new product, write specifications, or otherwise Inject 
Itself Into the product planning process. It would 
simply have to make Judgments as to whether unsolicited 
proposals submitted to It should be funded. Its ability 
to maintain confidentiality of the Ideas submitted to It 
would strongly Influence the kinds of proposals It would 
receive. If operated successfully. It would provide 
support for the projects with the largest expected revenues 
and profits. 

It Is Impossible at this time to predict the size of 
this market. Once established, however. It Is quite possible 
that this market would no longer need the stimulus of this 
type of corporation. For the present, however, it appears 
that the uncertainty of profits in this market, combined 
with the large investment per project that is to be expected, 
will result Ir underinvestment in this market by the only 
U.S. firms that are able to enter it successfully. An 
initial look at this option suggests that the private 
research and development corporation, with Initial 
financing from federal funds, has the potential for 
successfully stimulating private sector entry Into 
this market. 

% 
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The Fuqua Bill 

H.R. 14297, a bill introduced on October 12, 1978 by Mr. Fuqua, 
proposes a "Space Industrialization Corporation" to assist in the 
development of new products, processes, and industries using the 
properties of the space environment. The bill provides for the 
corporation to provide fun^^s "to industrial ventures under negotiated 
management plans, with repayment including a profit being required 
of profitable ventures." This provision follows the plan of British 
and Japanese corporations that have been organized in the same way in 
order to supply long-term funding for the corporation. It also 
incorporates the Important concept of negotiation rather than coupeti- 
tive bids. A sum of $50 million per year for two years is proposed 
to get the corporation started. Further funding could be voted. The 
Fuqua plan creates a corporation that is an agency of the federal 
government, but provides that it can be converted into a publicly 
owned private corporation. 

Such a plan would clearly fit the description of the space 
research and development corporation in the preceding section. It 
has all the essential features of this organizational option that 
should make it capable of successful technology transfer. 

Conclusions 

The organizational option of the space research and development 
corporation appears to offer a significant opportunity for a new 
approach to technology transfer of space technology to commercial 
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markets. The Fuqua bill provides a specific Implementation of this 
option that appears to Include all features essential to successful 
operation. A study of variations on the approach used in the 
Fuqua bill could yield an understanding of some of the tradeoffs 
that have been made In arriving at this specific organizational 
form and perhaps result In some suggestions for Improvements. 
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In connection with management of the creation, dlsaemlnatlon, and uae of 
scientific and technical Information. Two categories of policy Instru- 
ments are discussed: (1) market-oriented approaches; and (2) direct 

public action. This paper Is primarily concerned with pointing out possi- 
bilities for Increased use of market-oriented approaches that can provide 
benefits to society In the form of an Increased rate of Innovation and of 
more "appropriate" technology, better suited to the needs of consumrs. 
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Abstract 

National science and technology policy Is concerned with societal 
choices with respect to the rate and directions of technological change 
and the adoption and use of new technology In society. Such policy 
choices occur primarily In connection with management of the creation, 
dissemination, and use of scientific and technical Information. Two 
categories of policy Instruments are discussed: (1) market-oriented 

approacnes; and (2) direct public action. This paper Is primarily 
concerned with pointing out possibilities for Increased use of market- 
oriented approaches that can provide benefits to society In the form 
of an Increased rate of Innovation and of more "appropriate" technology, 
better suited to the needs of consumers. 


X 


ill 


VOLUME I, PART II.C.2 


329 


1.0 INTRODUCTION 

National science and technology policy is concerned with societal 
choices with respect to technological change and the adoption and use 
of new technology in society. The creation of new technology can be 
viewed as the creation of new knowledge or Information through research 
and invention. Invention and research, in turn, draw on previous work, 
and a society's policies with respect to the storage, retrieval, and 
dissemination of scientific and technical information are important 
elements of national science and technology policy. The adoption and 
use of new technology in society can be influenced in many ways by 
government policies and actions that deal with questions of access to 
or the provision of information concerning the new technology to users. 
This paper is concerned with all three stages of the information 
production-consumption process in the science and technology field: 
creation, dissemination, and use. 

A government agency, such as NASA, is involved with all three stages 
of the information production and consumption process in its own field 
of space science and technology. It creates new information through its 
research and development programs. It disseminates this information and 
assists nonaerospace firms and various government agencies in making use 
of this information through its technology transfer program. And NASA 
is a so, of course, a user of both NASA-created and other information 
in its own research and development programs. A private sector firm is 
also typically Involved in all stages of this process in its own field 
of activity. 
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The objectives of national science and technology policy have 
traditionally been thought of in terms of increasing economic effi- 
ciency, productivity, and GNP. These overall national economic objec- 
tives can each be affected by changes in policy with respect to crea- 
tion, dissemination, and use of scientific and technological informa- 
tion, and a number of these connections will be discussed here. 

Efficiency, productivity, and GNP are all quantities that are 
independent of what is being produced. By focusing on these economic 

measures it is implicitly assumed that the national output is produced 

in properly functioning markets, in which the goods and services that 
are preferred by consumers are being provided. Of course, only a por- 
tion of the national output is produced in properly functioning markets 
in the U.S. or any other country. If only a small fraction of the GNP 
is produced outside of properly functioning markets, the effects of 
ignoring the nonmarket sectors in developing science and technology 
policy may not be serious. However, the U.S. economy has become a non- 
market economy in many of its major sectors, and it is doubtful if these 

sectors can be ignored in future planning. Several types of deviations 

from a free market exist, and some of their implications for science 
and technology policy will be discussed. Those deviations of special 
interest here are: (1) monopoly; (2) government regulation; (3) govern- 

ment provision of services; and (A) the fact that the principal costs 
of provision of services are being incurred by users rather than pro- 
viders. As a result of these deviations from a free marl.et, the 
validity of focusing primarily on productivity and GNP when seeking to 
formulate national science and technology policy becomes doubtful. An 


2 


VOLUME I, PART II.C.2 


331 


attempt is made here to suggest some more relevant measures of economic 
performance, but these suggestions can only be viewed as preliminary 
at this stage. 

The growth rate of productivity has been decreasing In the 1970' s 
in the U.S., while this quantity, along with the real GNP, has contin- 
ued to increase in Japan, West Germany, and some other nations [1] . 
c,conomic (GNP) growth in the U.S. has been primarily a result of an 
increase in productivity and only in small measure a result of capital 
investment [2], [3]. The factors that influence productivity are 
therefore of considerable interest. The entire subject is confused 
by the use of noncomparable measures and by the aggregation of sectors 
of the economy, such as manufacturing and services, that may have widely 
different rates of change of productivity. However, in the period 
1900-1960 steady productivity increases in both manufacturing and agri- 
culture occurred. Denison has put forward the hypothesis that, since 
schooling increased in the U.S. during these years of productivity 
increase, schooling was responsible for the increase [4]. A more per- 
suasive argument put forward by Klein is that productivity increased 
as a result of innovation in dynamically changing competitive U.S. 
markets [5]. Klein's argument is that the U.S. market is now less 
competitive and that, since firms feel less pressure to innovate, 
there is less innovation and consequently a reduced rate of increase 
in productivity. Causes of the decline in competitive markets can 
be found in the increased roles in the economy of industries subject 
to regulation. Industries with highly concentrated market structures, 
and governmental provision of services. 
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In addition, it has been widely observed that the U.S. is now 
an "information economy," in the sense that more than half of our 
paid workers and our economy is now engaged in the production of 
information-related products or services [6], [7], [8]. Information 
is not like other economic goods, because new ideas can be copied, 
usually at a much lower ccst than the coat of creation. Therefore, 
the cost of creation of a new idea, through investment in basic 
research, for example, may not be appropriable, and potential Investors 
will tend to underinvest in basic research for this reason. When we 
speak of underinvestment in this connection, we mean, relative to the 
amount of investment that would be socially optimal. Society receives 
benefits that go beyond the benefits received by the consumers of edu- 
cation and the firms that do basic research. It is therefore in 
society's Interest to intervene in the markets for Innovation, informa- 
tion creation, and education through government subsidies or by creating 
incentives for enhanced investment in these activities in the private 
sector. Various governmental actions have been taken to make investment 
in innovation more attractive, including patent, copyright, and tax in- 
centives. Direct public support of basic research and education is also 
a traditional part of national science and technology policy. It is 
not at all clear that reliance on these traditional policies will be 
the most effective national policy in the years to come. 

Perhaps the most significant deviation from a market economy in 
the U.S. is a result of the existence of the "household economy" in 
which the final output of the market economy is combined with user 
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time to produce the services that users ultimately consume [9], [10]. 

The existence of the household economy is not a form of market failure, 
but its existence raises a question, familiar in system analysis, of 
possible suboptimization through a focus on the market economy portion 
of the total system, rather than on the total system which includes 
both the market economy and the household economy. If the household 
economy were small in comparison with the market economy, a policy focus 
on the market economy might be justified. However, in the U.S., the 
household economy is comparable to the size of the market economy [9]. 
Therefore, it may turn out to be very important to consider the effects 
of science and technology policy on the household economy along with 
its effects on the market economy. 


2.0 THE PRODUCTION AND CONSUMPTION OF 

SCIENTIFIC AND TECHNOLOGICAL INFORMATION 

The information production -consumption process can be thought of 
as beginning with the creation of new information and proceeding through 
a dissemination process to the user who then consumes the information 
or uses it, possibly in creating a further innovation. An innovation 
that is brought to the market often includes both a new technology and 
a new concept of how this new technology can be utilized. Innovations 
often create new information that is disseminated and incorporated 
in other new products or services, etc. 

There are three main policy instruments that have been used to 
encourage individuals and firms to create, disseminate, and utilize 
new information: (1) patents and copyrights; (2) direct funding of 
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research, development, and production by the government; and (3) 
subsidizing and other facilitating private sector investment in 
innovation and related activities. These policy instruments will 
be discussed in the following. 

2.1 Patents and Copyrights 

When we think, of the individual inventor or creator of a new 
work of art, it is easy to see the economic effects of granting a 
patent or copyright to this individual. The patented invertion or 
copyrighted work is protected against copying for some period of 
years and is thus made more valuable and more readily sold, and this 
increased value creates an incentive for further investing in innova- 
tion and invention. 

There is an apparent tension between the policy objectives of 
obtaining a high national level of creativity and the policy objective 
of obtaining rapid dissemination of the results of the creative pro- 
cess. The policy instruments, such as copyright laws, that have been 
used to encourage creativity do so by creating barriers to copying 
and apparently act as obstacles to rapid dissemination. However, the 
tension is primarily a tension between short and long run objectives. 

In the short run, an innovation can perhaps be most rapidly dissemi- 
nated by allowing free access to it. But in the long run, it is 

t 

necessary to be concerned not only with dissemination of known ideas, 
but also with the continued creation of new ideas, so there will be 
something to disseminate. Patents and copyrights encourage both 
innovation and the disclosure of innovation. The alternative of 
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allowing free dissemination results In Innovations being kept secret 
as far as possible, which obviously does not promote dissemination. 

Even under a property right system, many innovations, such as computer 
software, are not protected, and innovators often go to considerable 
lengths to keep their ideas secret [11], [12], 

The effects of patent laws on the operation of a modern, competi- 
tive industrial market can be rather different from the effects on 
individual inventors. In modern industry, the invention process has 
been coramercialized. Inventors are hired and organized to create new 
ideas thac will be most beneficial to the firms that employ them. In 
some markets the innovation process has been accelerated to a very 
high pace. The computer industry is an example of an industry with a 
rapid development cycle; typically less than 5 years for a major inno- 
vation. A rapid obsolescence of products naturally accompanies this 
rapid introduction of new products. Five-year, old computers may work 
very well, but their value is only a small fraction of their purchase 
price. 

An important distinction needs to be made between the invention 
process that may be involved in creating a new product and the innova- 
tion process that is concerned with selecting the specific character- 
istics and technology of the new product and bringing it to the market- 
place. Many innovations are not patentable. But innovation is protected 
by trade secret law and by the time it takes to copy a nev product. 

In a high technology field, the time "o copy may be over a year, 
and a firm that is a year or two behind its competitors may find 
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that its competito»:s have written off the costs of creation by the 
time its product reaches the market, so it does not gain a price 
advantage through copying. In such a market, copying would not be 
a successful strategy. The role of patents in such a market is 
unclear. Patents on basic inventions that will be used in several 
cycles of innovation have long-term value. Patents on obsolete 
products are obviously not of value. The usual argument that firms 
will underinvest in innovation does not seem to apply to rapidly 
changing, high technology markets. Firms in these markets must 
innovate in order to survive. Firms can effectively nullify the 
effects of patents by entering into cross-licensing agreements. 

Firms, in effect, give up the potential rewards from occi-sional basic 
patents in order to avoid the risk of competitors' inventions blocking 
their access to the market. Of course, cross-licensing and patent 
pools can violate the antitrust laws [13]. But if all new entrants 
to an industry can join the licensing agreements, the effects are not 
anticompetitive. 

The economics or in.’ention and innovation in markets with rapidly 
changing technology appears to be an important field for research [14]. 

Neither the operation of such markets without government intervention 
nor the effects of patents and cross-licersing agreements in such 

t 

markets are now well understood. 

2.2 Direct Funding of the Creation of New Information 

As an alternative to creating property rights In new information 
through patents and copyrights, direct public investment can be made 
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In the creation of new information. In areas in which the government 
has a mission responsibility, as in defense and space, it can be 
expected to support the research that it believes will be most bene- 
ficial to its missions in the long run. In areas in which the private 
sector is responsible for providing products and services to consumers, 
there is also a potential role for government supported research, 
especially basic research. The economic argument that firms will 
underinvest in research that leads to inventions subject to copying 
is even more applicable to basic research that is aimed at under- 
standing nature, because patents do not cover theories or laws of 
nature. Thus, the discoveries that come from basic research will 
benefit a firm’s competitors p.s much as the firm itself (except for 
public relations benefits), so the amount of basic research done in 
the private sector will tend to be less than is socially optimal (15] , 
[16]. Some form of governmental intervention in the market, in order 
to create increased Incentives for carrying out basic research, is 
therefore appropriate. And direct government funding is a straight- 
forward way to support basic research. 

Once government funding of research is adopted as a national 
policy, a question arises with respect to the ownership of patents 
and copyrights on Innovations made in this research. Presumably, the 
national interest is best served by a government patent policy that 
will maximize innovation. Government ownership of patents results in 
disclosure, but it does not create incentives for firms to make the 
necessary investments to bring these patented Innovations to the 
market. Granting of exclusive rights to firms that do make such 



338 


VOLUME I. PART II.C.2 


invest&.c.nts would enhance the incentives to develop these Innovations, 
much as homestead rights have been used to encourage the development 
of government land. 

Another important policy issue in this area is that of the 
allocation of funds. What areas of research should receive funding, 
and at what levels? A balance of many diverse Interests is somehow 
achieved in the present system. However, there may be opportunities 
for improving the present system, for example, by creating more inde- 
pendent sources of research funding that are likely to support research 
leading in new directions. Both industry and mission-oriented agencies 
could strengthen their positions in the long term by supporting basic 
research projects of special Interest to them, rather than relying oi: 
others to provide this support. 

2. 3 Facilitating Private Sector Investment in the Creation 

of New Information 

Industrial investment in research can be increased through tax 
incentives. However, there is the risk that the amount of new research 
may be small in relation to the amount of tax subsidy, because firms 
have an incentive to reclassify existing activities to quality for 
favorable tax treatment as well as to initiate new research. 

Also of importance is the possibility of more industry-sponsored 
research, on an industry-wide basis, in universities, industrial 
research labs, or research institutes. There are likely to be many 
cases arising in the future in which it is important for an entire 
industry to develop a new set of techniques that will be used through- 
out the Industry. Projects to develop these techniques could appro- 


10 


VOLUME I, PART II.C.2 


339 


priately be funded and managed by the concerned industries themselves, 
withouf governmental Intervention. Industry cooperation in such 
research programs could, however, have antitrust implications, and 
it is possible that new legislation would be helpful in encouraging 
this tyi 3 of industry-wide research activity. 

The principal limitation on industry-wide research is the compet- 
itive nature of industrial firms and the desire by each firm for 
secrecy and the exclusive use of new ideas created by an individual 
firm. However, there are precedents for this sort of Industry coopera- 
tion in many industries. The necessary condition for a successful 
program of this type is a guarantee of access to all outputs of the 
program to all industrial participants in the program. This condition 
can best be met by carrying out the research in universities or non- 
profit institutions, separate to some extent from the firms. It would 
be difficult to create a successful program that would employ scientists 
and engineers from the participating firms in the direct conduct of the 
cooperative research. On the other hand, from a national policy stand- 
point, a central feature of this approach would be the participation 
of scientists and design and development engineers from industry in 
project selection and the directions to be taken in the research done 
under the program. The incentive for firms to provide this costly 
participation in the management of the research program would be 
stronger under an industry- financed program than a tax-supported program. 

2.4 Facilitating Private Sector Innovation 

The production-use cycle can be entered at the use end rather 
than the creation end. Policy Instruments can be designed to facilitate 
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the use of existing information in the process of bringing a 
new product or service to the market, i e. in the innovation and 
product planning process. NASA's technology transfer program is 
designed to assist government agencies and industrial flrma in the 
nonaerospace sectors of the economy in making use of new technology 
that has been created in the space program and that has promise for 
utilization in other sectors of the economy. 

The policv instruments used by NASA include: (1) creating 

information "bulletins" or abstracts that describe the new technol- 
ogles believed to have significant potential in nonaerospace applica- 
tions and making these abstracts readily available to U.S. industry 
and government agencies; (2) assisting nonaercspace users in the 
product planning process, for example by going beyond an information 
abstract to a complete business plan for the adaptation of a NASA- 
developed technology to a specific commercial application. This 
latter form of technology transfer obviously requires careful project 
selection, because there may be hundreds of possible products or 
service's that could be developed from a specific NASA technology. 
However, it has the important value that it creatfs an example that 
is specific enough to present potential users with a much more complete 
picture of the possibilities than a simple description of the technology 
itself. Even if the sample business plan is not adopted, it could stim- 
ulate a user to create a business plan that would be adopted. The 
technology transfer process is not well understood, but it seems 
reasonable that it might be economically efficient to go somewhat 
beyond the basic abstract and document dissemination process. 
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What is unclear is Just how far and in what ways It is efficient 
for an agency like NASA to enter into the product planning process. 

A someT/hat different approach to technology transfer is to 
provide a subsidy to firms willing to undertake product planning 
and development of products that would use certain classes of tech- 
nologies or that would provide products or services of certain 
desired types. Both Japan and England have experimented with this 
approach, using a "national research and development corporatinn" 
as the organizational entity for carrying out this idea. Rep. 

Fuqua has introduced a bill that would create a U.S. quasi- 
governmental corporation to encourage tht development of new products, 
processes, and industries using the properties of the space environ- 
ment [ 17 ], The bill provides for the "space industrialization corpor- 
ation" to provide funds to industrial ventures under negotiated man- 
agement plans, with repayment including i profit being required of 
profitable ventures. This provision follows the plan f-f British and 
Japanese corporations that have been organized in the same way with 
repayment only required from profitable ventures. It also incorporates 
the important jncept of allowing negotiation rather than requiring 
competitive bids. A sum of $50 million per year for two years is 
proposed to get the corporation started. Further fur.dirg could be 

voted. The Fuqua plan creates a corporation that would initially be % 

ap agency of the federal governmci.:t, but provides that it can be con- 
verted into a publicly owned private corporation. 

A significant advantage of this approach to technology transfer 
is that it would leave the entire product planning process to industry. 
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where it ran be done best, and It does so in a way that protects the 
confidentiality of the ideas submitted in proposals. The research and 
development corporation would not be required to use the competitive 
bid approach and hence would not have to define the product or other- 
wise inject Itself into the product planning process. It would only 
have to select which proposals to support. If it maintained confiden- 
tiality of the proposals submitted, it could expect to receive pro- 
posals witn the best available Innovative concepts that industry could 
present. The economic Justification for this approach in a market 
such c'’ the industrialization of space is the uncertainty of profits, 
combined with very large investment per project required, in a market 
that would offer long term benefits to the U.S. by maintaining the 
comparative advantage the U.S. has developed in space technology and 
applications. There is no reason that this approach could not be used 
for "market development" programs in a wide variety of fields. 


3.0 IMPROVING THE OPERATION OF MARKETS IN ORDER TO ENCOURAGE 

INNOVATION THAT IS RESPONSIVE TO CONSUMER DEMAND 

It has become apparent in recent years that industries with a high 
degree of concentration, with strong local monopolies, or with high 
barriers to entry more often than not achieve their protection from 
competition through government action (18]. Industries that consist 
of a few large firms ‘•eem to have less incentive to innovate, if it is 
difficult for small competitors to enter their market with innovative 
new products. In industries where small competitors can enter the 
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nuirket rather easily, as In the computer Industry, small firms 
provide a very larite fraction of the Innovation that occurs. 

Four major types of policy options are considered here that 
are of Interest In dealing with Industries that have somehow managed 
to obtain governmental protection from competition: (1) deregulation 

In "regulated Industries" such as railroads; (2) deregulation In 
"unregulated" markets; (31 Improved consumer Information In all markets, 
but especially in local service markets; and (4) privatization of 
markets dominated by government providers of service. 

3. 1 De regulation of "regula t ed Industries " 

Although government regulation la often adopted as a consumer pro- 
tection measure, the eventual effect Is usually to limit competition 
bv creating barriers to entry to the regulated market [191. The pace of 
technological change In regulated markets Is slowed for a number of 
reasons. Governmental approval may be required to make new Investments 
of certain tvpes, and the regulatory process can be used to prevent an 
Innovative firm in a regulated market from Introducing new technology 
as fast as it would like. i>nce new technology Is In place, the regu- 
latory process can be used to prevent pricing services that use the 
technology In wavs that would threaten less Innovative service providers. 
In addition, regulators and regulated Industries mav adopt pricing 
strategies that minimize present prices but slow the Introduction of 
new technology that would reduce prices In the future, fhilv in markets 
wliere competition Is restrained bv government action can these antl- 
Innovatlon policies be pursued and sustained for long periods of time. 
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A government can, thus, through its own actions, create a competi- 
tive disadvantage for its industries in world markets. Of course, 
governments do not act to regulate an industry without the consent of 
the indi.stry, and usually governments are pushed into regulation by 
industry, in order to limit competition [20]. However, when new 
national policies to encourage innovation are being considered, it is 
difficult to think of a more significant policy option rh?r. deregula- 
tion, in industries presently subject to regulation [21]. 

This argument does not depend on economic studies of innovation 
as a function of firm size or market structure. A number of ‘'tudir.? 
have been made of the various economic characteristics of firms, in 
an attempt to identify market conditions favorable to innovation. It 
has been suggested that large firms may be more apt to innovate than 
small firms, because they have more flexible resources [22]. Firms in 
competitive markets that are not too fragmented have been found to be 
more innovative than firms in either highly concentrated markets or 
markets with a large number of very small firms [23]. However, the 
rate of innovation is also strongly a function of the specific Industry 
and its stage of evolution [24], Regulation could be used to influence 
firm size or market structure, but its direct effects on innovation are 
in the author's opinion, much stronger than any of the other market 
characteristics that have been studied. And the evidence is that regu- 
lation is consistently used to slow the pace of innovation. For exampl 
the rate of innovation in the business telephone terminal market was 
extremely slow when this market was protected from competition. The 
Carterfone decision in 1968 opened this market to competition, and 
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there has been a high rate of Innovation since that date, both by AT&T 
and its new competitors [25], [26], The opportunity exists to increase 
innovation through deregulation in many o*‘‘'er U.S. industries. 

Deregulation would not only tend to benefit consumers through an 
increase in the availability of ne’-' products and services, but also 
through reduced prices for exiotirg services resulting from process 
innovation. Perhaps equally jjnportant in the long term would be the 
Improved position of »he U.S. In world markets in the deregulated 
industries. In many case? regulated industries in the U.S. are indus- 
tries that are completely gcvermentally managed in other countries, 
such as railroads, telephones, and broadcasting. Thus, even though 
technological change in these industries has been limited by regula- 
tion in the U.S., it has also been slowed in other countries by even 
more constraining governmental action. Therefore, the U.S. is not yet 
at a competitive disadvantage in most of these areas. And the oppor- 
tunity to take or maintain the lead in these areas is still open. 

As these markets are deregulated and start to admit Innovation at 
an increased rate, foreign equipment suppliers will be attracted to 
these markets along with U.S. suppliers. Pressures will then undoubt- 
edly develop to protect U.S. equipment suppliers from foreign competi- 
tion. Protectionism in these markets will be more easily justified, 
if foreign markets of the same types are not open to U.S. industry, as 
is almost certainly going to be the case initially. In the long term, 
however. International competition may cause deregulation worldwide, if 
it is initiated by the U.S. and if deregulation does lead to more rapid 
technological change. A more rapid rate of technological change in the 
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U.S. and an improvement in the relative position of U.S. firms in 
these industries relative to foreign firms may create pressure for 
deregulation worldwide as a competitive response. 

The trend toward more rapid diffusion of innovation throughout 
unregulated world markets has been widely noted. Lower wage costs 
in developing countries make them competitive sources of manufactured 
goods, thus putting more pressure on the developed countries to 
increase the pace of innovation. At the same time, the growing world 
markets are making it easier to write off R&D expenses and to finance 
innovation. The deregulation of U.S. regulated markets wo’ild simply 
be another step in this process. 

3. 2 Deregulation in "unregulated" markets 

Many industries that are not regulated in the sense that public 
utilities are regulated are nevertheless neither competitive nor inno- 
vative. Usually these industries are highly concentrated and the role 
of government in these industries is often anticompetitive, even though 
less obviously so than in the case of public utilities. 

For example, in the drug industry the government plays a complex 
role. In connection with prescription drugs, advertising of prices 
and the introduction of generic drugs would obviously increase competi- 
tion. The high cost of testing new drugs creates a barrier to entry by 
new smaller firms. Government policies aimed at Increasing competition 
could encourage innovation in this industry. 

The broadcasting industry plays a key role in the economy. It is 
not regulated in the way that public utilities are regulated. A market 
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in broadcast stations exists; entry is possible through purchase of 
an existing station. But government plays a central role in limiting 
competition and the operation of the market in this industry [20]. 

For example, pay-by-program television has been technically feasible 
since the late 1950' s. But the introduction of pay television into 
the broadcast market would create economic risks for the existing 
networks and stations. Their markets have been protected from pay 
television competition up to the present time by restrictive FCC rules 
and the administration of those rules, even though it makes no more 
economic sense to ban pay television than it would to prevent magazines 
from charging consumers for copies and allow only magazines that relied 
exclusively on advertising for their revenues to exist. 

There are many opportunities to increase competition and innovation 
in unregulated U.S. industries, simply by withdrawing governmental support 
for anticompetitive- practices in these industries. Thus, the sc ‘.ence 
and technology policy option of greatest significance in many industries 
today is simply the option of repealing previous legislation. This state- 
ment has many detailed implications that differ from Industry to Industry. 

And each industry would require a major study and analysis effort, as 
well as a political consensus sufficient to overcome industry opposition 
to deregulation, in order to implement a deregulation policy option. 

That such an option is worth considering has been demonstrated by airline 

% 

deregulation. 
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3. 3 Consumer Information 

A well functioning market requires that consumers have adequate 
information about price and quality. Otherwise, competition cannot 
exist. Yet, in many consumer markets, the consumer not only has inad- 
equate knowledge of product quality, but also has difficulty obtaining 
even price information. Most advertising is not intended to provide 
this type of information, but rather to inform consumers of the exis- 
tence of products, sources of services and products, and to create 
favorable impressions of the advertised product or service. While 
Consumers Union provides comparative information of the type that con- 
sumers need on nationally advertised products, very little information 
is available on the local services and products that consume most of 
the consumer's income: housing, medical services, auto repair service, 

and other local services. 

It is not reasonable to expect either government or industry to 
provide the type of information that consumers need. The job will 
almost certainly have to be done by consumer groups, if it is to be 
done at all. Nevertheless, the opportunity exists for government to 
facilitate the development of consumer information services. It is 
reasonable to expect very substantial gains in the productivity of 
local services, as well as a much more rapid rate of innovation in 
these industries, as a result of increased competition that would \ 

result from improved consumer information at the local level [27], [28]. 

3.4 Privatization 

In many sectors of the economy the government acts as a monopoly 
or near-monopoly provider of services. The postal service, the public 
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schools, public libraries, defense, and the exploration of space 
are some of the major markets dominated by government or quasi- 
government providers. One of the sources of difficulty in these 
markets is the fact that services are provided to users at zero 
price. Funds are obtained for the provision of these services 
through general taxation, and these funds are allocated to the 
service provider by Congress or a state legislature. Such organi- 
zations become attuned to the wishes of their legislative constitu- 
ents, but their incentives to serve their users are weak and exist 
only to the extent that their users make their demands felt by their 
representatives in the legislature. In some cases, this system is 
quite satisfactory. When the users are industrial firms, the like- 
lihood is high that the legislature will adequately represent the 
interests of the user in dealings with the government service provider. 
However, when users are individuals, it is difficult for the users to 
arrange for their interests to be adequately represented. A policy 
option that is, in principle, easy to adopt is to charge users directly 
for the service, rather than to use tax funds to pay for the service. 

The principal benefit of this approach is that service providers become 
more attentive to their customers. However, this approach does not 
benefit users to the full extent possible unless users have an alterna- 
tive supplier to turn to. Thus, the postal service feels some pressure 
from the threat that users will reduce their purchases of service, but 
the pressure is much greater, if users can get their packages or messages 
delivered by an alternative service provider such as United Parcel Service. 
Thus, the combination of funding through direct user payments with opening 
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the market to competitors avoids the principal difficulties with 
government provision of service. But there is still one difficulty 
with such a market, and that is the fact that both government and 
private sector monopoly service providers tend not to price their 
services in proportion to cost. Tn other words, they subsidize one 
service from revenues obtained from another service. Such cross- 
subsidies are often introduced in response to their legislative con- 
stituents [29]. Once in existence, such cross-subsidies are politi- 
cally difficult to eliminate, and their existence can block the adop- 
tion of open entry policies that threaten to force the market toward 
cost-based pricing. An example is the subsidy of rural mail delivery 
by urban mail. The only satisfactory way of preserving such subsidies 
is to make them into direct subsidies. However, direct subsidies are 
more difficult to get political support for; their economic and social 
effects are often examined more closely than are the effects of indirect 
subsidies. For example, should rural mail and telephone subsidies be 
extended to both rich and poor rural dwellers, and, if not, how could 
the distinction be made on a practical basis? 

If a direct subsidy is acceptable politically, as it might be in 
the case of low income users of public schools and libraries, it can 
be combined with a direct user payment system by providing vouchers 
to the low income users [30]. But again, such a system is only fully 
effective if the user can turn to an alternate source of service if 
unsatisfied. Once free entry is allowed, along with cost-based 
pricing and direct user payment, the need for a government service 
provider often disappears altogether. The only residual trace of 
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government intervention would then be the provision of vouchers or 
scholarships to low income individuals. In such a case, full 
"privatization" of the service can be accomplished. 

In defense and space, the path to privatization is not as 
straightforward as it is in the case of purely domestic services. 
Nevertheless, in both defense and space in the U.S., the government 
relies on the private sector for its hardware, software, and some 
of its operational services, so some elements of privatization are 
present in these services. The opportunity for further privatization 
may exist in defense and space, and analysis of this possibility appears 
to be appropriate. The directions in which innovation in these fields 
is moving is now determined by a process in which the individual con- 
sumer plays almost no role whatsoever. It is not easy to bring the 
consumer Into these fields effectively. A token, uninformed consumer 
or. an advisory board is not an effective mechanism for getting consumer 
"Input." One possibility that has not been adequately explored is the 
idea of improving consumer-oriented information about the operation 
and significance of th.sse agencies. Of course, both agencies now 
spend substantial sums on providing information to consumers, but 
this information is organized and presented in a way that is likely 
to strengthen public support for existing programs. The new possibility 
is to provide information that will cause consumers to question the 
basic premises and orientation of existing programs and to see some of 
the options for defense and space that are not now given official support. 
It is quite possible that a more open, questioning approach to defense 
and space policy would result in more innovation and more effective 


programs in the long term. 
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4.0 IMPROVING THE MANAGEMENT OF GOVERNMENT SPONSORED 

RESEARCH AND DEVELOPMENT 

The market concepts discussed In previous sections have some 
bearing on the questions of the appropriateness of government 
sponsorship of R&D and of how project selection In government spon- 
sored R&D should be carried out. 

Starting with basic research, there seems to be little contro- 
versy over the appropriateness of some form of governmental stimulus 
to this activity, whether through direct support, patent and copyright 
protection, or tax Incentives. The project selection mechanism Is 
now fairly diverse, and there are many reasons for favoring a diversity- 
oriented approach to funding and project selection. The economic con- 
cept that is relevant here is that the customers or users of basic 
research should be involved in project selection and funding, by analogy 
to the role of the consumer in markets. This concept is only occasion- 
ally operative today. A possible example of the application of this 
principle would be to bring product development engineers Into the pro- 
ject selection process in the support of research projects in their 
field at an agency like NSF. This group now influences, to some extent, 
the paths of basic research within their own companies. It might be 
fpasible to increase their influence in government sponsored programs 
as well, on the basis that they are the most direc nsumers of basic 
research. The ordinary individual is the ultimate consumer of basic 
research, and again the only realistic opportunity for increasing 
consumer participation appears to be through improved consumer informa- 
tion on the basic research establishment and its operation. 
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Considering next the role of government in relation to applied 
research and development, the appropriate role is fairly clear in 
areas in which the government has a mission responsibility and 
monopoly, such as defense and space. In these areas the government 
is re; ponsible for funding, project selection, and overall management. 

The possibility of increasing the degree of privatization and through 
this, competition and Innovation, was discussed above. In civilian 
markets, there may also be a role for government sponsored applied 
research and development, but the case is less clear. If there is an 
appropriate role for government sponsored R&D in civilian markets, it 
is probably primarily in applied research, because product development 
is closely tied to the market and is best done by firms that are 
familiar with the market (31]. 

Applied research is research that is oriented toward specific 
applications in specific markets. It is often clear that a specific 
type of device or technique is of key Importance in the evolution of 
a particular field, and it is clfar that the best way to promote pro- 
gr^'se In this field is through the development of specific devices or 
examples of the critical technique. In such cases this development 
is n.'t coupled directly to the market, but rather represents learning 
work that goes beyond basic research and prepares the way for market- 
oriented development to follow. An example might be a key component 

% 

in a large system, such as a new type of communication satellite that 
would make possible an improved communication system. In such cases, 
there may well be a case for government sponsorship of R&D on the 
economic grounds that the private sector tends to underinvert in this 
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type of work, because It Is unable to appropriate the results. A 
firm is likely to underinvest in applied research that could benefit 
its competitors as much as itself; it will prefer to wait until 
there is a specific market opportunity to focus its work on. Thus, 
if the government can find these critical areas of applied research, 
it can probably make an iuportant contribution to the national com- 
petitive position in whatever industries it chooses to support. 

The process by which areas of government applied research are 
chosen is thus an important element of the R&D program. It may be 
that there are opportunities for organizational improvments in the 
project selection process. At the present time, U.S. government 
agencies have advisory panels that help them to keep in touch wit. 
the industry and its views. A possible opportunity for improvement 
might lie in the way industry representatives are chosen for these 
panels or in the ways that panel members are able to express their 
views. In some cases an industry panelist may know of an area that 
would be r>’"'ductive for government R&D, but may be reluctant to share 
his ideas with his competitors. There may be an organiza*-ional alter- 
native that would allow secrecy to be maintained. For example, if 
the R&D is government sponsored but done in lnd’.>stry, a n«-gotlated 
contract rather than a competitive procurement couJd protect the ideas 
of the industry R&D group. Of course, this approach would violate 
many of the existing constraints on government contracting. An alter- 
native to this approach is the creation of tax Incentives for R&D, 
under which firms would make project selections completely on their 
own [31]. The weakness of this approach is that it results in the 
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support of a great deal of work that Induetry defines as RCiD for tax 
purposes, but that may be nothing more than restyling, as In the 
automobile Industry. 

One way of looking at government R&D In civilian markets Is that 
the government Is acting as an Industry-wide cooperative R&D agency. 

A portion of the Industry's corporate Income tax can be thought of as 
being allocated to this purpose, and It Is therefore reasonable to 
expect R&D project selection to be made by Industry. In order to avoid 
the weaknesses of both government sponsored R&D and the tax Incentive 
approach. It might be possible to encourage the development of Industry- 
wide R&D activities outside of government, as discussed In Section 2.3. 
The "national research and development corporation" concept discussed 
In Section 2.4 Is another option that allows greater confidentiality 
than a government sponsored program with consequent Increased flexibility 
and potential for Innovation. 


5.0 INCREASING "APPROPRIATE" INNOVATION IN 

LARGE-SCALE SYSTEMS 

Starting with Jacques Ellul there has been a steady flow of 

literature concerned with the uncontrolled, apparently autonomous evolu- 
tion of technology In directions that are "inappropriate" because they 
are not directions that benefit consumers [33], [34]. The princi,<.\l 
contribution of economic theory to this question Is to suggest that these 
"Inappropriate" evolutionary trends in technology are most likely to 
occur in sectors of the economy In which market forces are inef '^ective , 
often as a result of governmental action. For example, the choice of new 
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technology in U.S. hospitals is not limited by considerations of economic 
efficiency, because insurance payment systems cover all costs and there 
is no effective competition in this market. The result has been an 

extraordinary rise in hospital costs [35]. 

System analysis can contribute to an understanding of these trends 

by pointing to examples of inappropriate technology in areas in which 
large-scale societal systems are being built with Inauequate coordination 
and planning, such that "suboptimization" is taking place. The subsystems 
of these inappropriate systems are being optimized, but no one is looking 
after the overall system optimization. For example, in attempts to 
Increase productivity in post-secondary education, televised classes liave 
been used to Increase the number of students per teacher. Television and 
other educational technologies such as audio cassettes used in combina- 
tion with still visuals have been found to have no significant difference 
from each other and from live classes in their effects on student per- 
formance. I'fhen optimization of the school's operation through minimiza- 
tion of teaching costs is done, television appears to be the preferred 
technology. However, if optimization of the entire learning operation, 
including the cost of student time, is done, technologies such as audio 
or video cassettes that offer students the chance to listen to lectures 
when they wish and to review them as often as thev wish, result in lower 
total costa. The optimization of the school's productivity is a subop- 
timization, because it fails to include the students In the system and 
the costs of student time that would be included in an overall system 
optimization. The system boundarv in such a case has been Incorrectly 
drawn, from tlie standpoint of society, even though correctly drawn from 
the standpoint of the school. 
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A similar suboptimization is taking place in some areas of national 
science and technology policy. Present policy focuses on productivity 
in the market economy and on GNP, the output of the market economy 
rather than on the output of the total economy. The total economy 
includes both the market economy and the household economy. In the U.S., 
the household economy is comparable to the size of the market economy, 
because for most services that consumers receive, the cost of consumer 
time is several times as large as the price that users pay into the 
market economy for goods and services [9], [10]. As in the case of 
educational technology, there is a danger that firms will choose the 
best technology from their standpoint and end up with the wrong technology 
from society's standpoint. Wrong choices by firms will be corrected in 
markets where users have a chance to obtain services from more than one 
provider. However, in fields such as education, medical care, defense, 
and space, where there are local or national monopolies, wrong choices 
are not automatically corrected. 

One approach to science and technology policy that would improve 
technological choices in large-scale systems is, of course, to improve 
the operation of markets by increasing competition and consumer choice, 
as discussed in Section 3. When deregulation and competition are not 
feasible, it still may be possible to refocus technological choice toward 
options that will minimize total cost rather than provider cost and that 
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will optimize total system operation rather than the subsystem under the 
control of the provider. Any new non-market approach to science and 
technology policy that seeks to induce overall system optimization will 
probably have to do so by facilitating large-scale system planning that 
does in fact take users into account in the organizational design. 
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For example, there are many opportunities for innovation in such 
areas as city design, in the organizational sense rather than the 
physical sense. In principle, such local service markets as housing, 
transportation, education, and policy services could be highly innovative. 
These markets are presently highly constrained by regulation and most are 
monopolistic. Both market incentive approaches, such as deregulation and 
privatization, and new organization designs that encourage overall system 
optimization could usefully be the subject of analysis and R&D. 

6.0 CONCLUSIONS 

Science and technology policy is concerned with the rate and direc- 
tions of technological change in society. Two broad categories of policy 
instruments are available: (1) market-oriented approaches, such as the 

modification of property rights in newly created information through 
patent law, that seek to increase the Incentives for the private sector 
to invest in (2) direct public action, such as government sponsor- 

ship of R&D, that seeks to substitute government action for the operation 
of the market. Much existing policy makes use of the direct action 
approach. This paper has been primarily concerned with pointing out 
possibilities for the use of market-oriented approaches and some of the 
advantaf es of such approaches that can be seen from basic economic 
principles . 

The fundamental economic justification for government action to 
increase innovation in markets is that the private sector will tend to 
underinvest in R&D because it is not able to fully appropriate the bene- 
fits of such investments. The reason for this inappropriability is that 
the Information that results from R&D can be copied by competitors and 
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the originating firm may, therefore, not be able to recover its costs of 
creation. In markets that are competitive and in which the industry is 
at a stage where technology is changing rapidly, investing in R&D is a 
necessary element for the survival of a producing firm. Innovations in 
such markets are protected by the fact that it takes a substantial time 
and effort for competitors to make copies. It is unlikely that firms 
underinvest i.T R&D in these markets, and further stimulus to innovation 
through governmental action is not needed. 

In regulated markets and other markets in which barriers to entry 
are created by governmental action, there is often a variety of adminis- 
trative obstacles to the introduction of innovation. Deregulation is the 
most effective mechanism for the ?«-imulation of innovation in these 
Industries. 

The objectives of technological innovation for a nation are twofold: 

(1) to maintain or acquire a competitive position in the world market; 

(2) to provide better products and services to the citizens of the nation. 

Much of national science and technology policy can be justified by its 
effectiveness in contributing to the first objective. For example, the 
use of tax funds in support of education, basic research, and libraries 
contributes to the development of a national information infrastructure. 

This infrastructure creates the basis for comparative advantage in inter- 
national trade in the information-based economies of the modern world. 

% 

The mechanisms for government action in support of education, basic 
research, and libraries involve subsidies of these activities. The 
quality of these activities could probably be improved by giving more 
control over the character of the services offered to the users rather 
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than the providers of these services. The organizational approach to 
providing government support for industrial R&D could also probably be 
improved. Industry-wide R&D organizations within the government, in 
government corporations, and in private firms could provide similar 
services but with different degrees of industry control and confiden- 
tiality for innovative ideas. 

In many large-scale systems, the evolution of technology haS taken 
place in ways that have been characterized as "autonomous" and "inappro- 
priate," because the technologies seem to have evolved in directions of 
their own, without regard for human needs. Much of the difficulty can 
be traced to the fact that these systems are monopolistic; users in these 
systems do not have an adequate choice. Market-incentive approaches such 
as deregulation and privatization, offer the most reliable path to the 
restoration of appropriate innovation. However, in certain areas, such 
as defense and space, a new approach to science and technology policy 
that seeks to achieve a more comprehensive approach to system planning 
may bring innovation that is more appropriate to human needs. 

A general conclusion is that there seems to be a number of opportuni- 
ties for increasing the rate of innovation and for bringing the directions 
of innovation more closely into line with the needs of users. Most of 
these opportunities can best be realized by improving the operation ot 
markets by such techniques as deregulation, improving the quality of 
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consumer information, and privatization. A second conclusion is that 
these improvements could benefit the consumer, both as a member of a 
nation with a stronger position in the world market and as a consumer of 
more "appropriate" technology. To obtain these benefits, various forms 
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of organizational innovation appear to be needed. Studies of new organi- 
zational options for the implementation of national science and technology 
policy would be an essential first step in this innovation process. 
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Abstract 


Production by consunars has been largely overlooked by econoolsts, 
yet there is little doubt of Its importance. All products and services 
are purchased by consumers in an unfinished state. The consumer must ti'.en 
do further processing to produce the good or service desired. Lancaster* 
and Becker** have constructed theoretical outlines of this process, yet 
empirical work has been lacking. 

Each household may be viewed as a little corporation, purchasing a 
variety of Inputs and producing a variety of goods and services for its 
members. The aggregate of these little corporations is referred to as 
"the household economy." Yet the economy, as it has been traditionally 
defined, usually includes only those goods or services produced in return 
for money payment. It is referred to as "the market economy" to emphasize 
this dichotomy. 

This paper presents empirical evidence (based on a re'-structuring of 
the national income accoi.nts) that the household economy is comparable in 
economic Importance to the market economy. 

* Kelvin J. Lancaster, "A New Approach to Consumer Theory," Journal of 
Political Economy , Vol. 74, April, 1966, pp. 132-157. 

** Gary S. Becker, "A Theory of the Allocation of Time," The Economic 
Journal, September, 1965, p. 493. 
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Hose empirical scudies In economics focus on the trading of goods and 
services, and hence, naglecc to consider Che value of goods and services 
produced by individuals for themselves and their families. This paper 
presents an empirical examination of this "household economy." 

The principal result of the study Is a comparison of the value of Che 
time which people devote to each activity of their lives with the money 
they spend on the activity. After-tax wage races are used to value an 
Individual's time. 

The enormous size of Che household economy, and Che fact that for 
most activities Che value of Che consumer's time devoted to an activity 
exceeds the money expenditures on the activity, suggest Chat there are 
many opportunities for productivity Improvements in Che household economy 
%d)lch have been overlooked in most traditional Chinking on productivity. 
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ABSTRACT 


Most empirical studies in economics iocus on the trading 
oi goods and services, and hence neglect to consider the 
value oi goods and services produced by individuals for 
themselves and their families. This paper presents an em- 
pirical examination of this "household economy". 

The principle result of the study is a comparison of the 
value of the time which people devote to each activity of 
their lives with the money they spend on the activity. Af- 
ter-tax wage rates are us^d to value an individual's time. 

The enormous size of tne household economy, and the fact 
that for most activities the value of the consumer's time 
devoted to an activity exceeds the money expenditures on the 
activity, suggest that there are many opportunities for 
productivity improvements in the household economy which 
have been overlooked in most traditional thinking on prod- 
uctivity. 
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1. INTRODUCTION 

Production by consumers has been largely overlooked by 
economists, yet there is little doubt of its importance. 

All products and services are purchased by consumers in an 
unfinished state. The consumer must then do further proc- 
essing to produce the good or service desired. Lancaster^ 
and Becker^ have constructed theoretical outlines of this 
process, yet empirical work has been lacking. 

Each household may be viewed as a little corporation, 
purchasing a variety of inputs and producing a variety of 
goods and services for its memjers. These little corpora- 
tions may be thought of in the aggregate as 'the household 
economy.' Many outputs of the household economy, for exam- 
, pie food preparation or clothes cleaning, differ little from 
the outputs of some conventional corporations. Yet the 
economy, as it has been traditionally defined, usually in- 
cludes only those goods or services produced in return for 
money payment. It will be referred to here as "the market 
economy" to emphasize this dichotomy. 




'Kelvin J. Lancaster. *A New Approach to Consumer Theory'. 
Journal o f Political Economy . Vol 74 (April. 1966). pp. 
132- 1 57 . 

*Gary S. Becker. 'A Theory of the Allocation of Time*. The 
E conomic Journal . September. 1965. p. 493. 
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The arbi t raryness of the distinction between the two 
economies is painfully evident. If I pay you to clean my 
house# and you pay me to clean your house, then both trans- 
actions are in the market economy. If we each clean our own 
houses, or even clean each other's house as a favor, then 
the activities must be regarded as part o* .he household 
economy, as they certainly are not part of the market econ- 
omy. The constant shifting of activities across the bound- 
ary between the two economies may result in misleading in- 
ferences. For example, if increasing numbers of women take 
jobs in the market economy and spend part of their income 
purchasing services, such as day care, which they used to 
produce for themselves in the household economy, then the 
usual measures of the economy, such as Gross National Prod- 
uct (GNP). will indicate a larger increase in production 
than has actually been the case. 

However, this problem of activites shifting across the 
boundary between the two economies is only one symptom of 
the fact that a major portion of the economy is simply left 
out of most conventional economic analysis. This neglect of 
the household economy is reflected in government policies. 

In particular, the household economy is neglected in most 
present thinking on productivity. While much discussion, 
and some action, is devoted to improving productivity in the 
market economy, little attention is given to improving prod- 
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uctivity in the household economy. Yet it may be argued 
that improving the productivity of any activity in the hou- 
sehold economy uould have the same effects on uelfare as im- 
proving the productivity of an industry of similar size in 
the market economy. 


There are two reasons uhy the household economy has 
tended to be neglected by economists. The first has been a 
definitional problem. Although it is arbitrary* defining 
the economy to include only those goods or services produced 
in return for a money payment does create a sharp distinc- 
tion betueen activities uhich are and are not part of the 
economy. Most a 1 1 erna t i ve - d ef i n i t i ons require many judge- 
mental distinctions before they can be applied in practice. 
The only solution uould seem to be to regard every activity 
in uhich people engage as part of the economy. One may vieu 
every activity in uhich people engage as a service, even if 
only to the person uho produces it. 

The second problem is one of data. Data on money trans- 
actions are uidely collected and distributed. Data on other 
types of activities are not so readily available. This 
study is an attempt to pull together available data on the 
various activities in the household economy, and express 
this data in money terms. It uill be shoun that many of the 
activities in the household economy are 'industries' of 
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enormous proportions. For most activities* the value oi the 
time which people devote to the activity exceeds the money 
the people spend on the activity. Hence* the opportunities 
for productivity improvement in the household economy are 
great. Using this data* one may identify specific opportu- 
nities which merit futher study. 

2. THE THEORY 

Unfortunately* since household outputs are not sold* it 
is difficult to place a monetary value on them* so as to 
compare their value witii those of outputs in the market 
economy. There is* however* one household output which is 
sold in the market economy--la’jor. According to economic 
theory* rational producers will allocate their scarce re- 
sources in such a way that the value cf the marginal product 
of the resource is equal in each use. Applying this logic 
to the allocation of time in the household* it may be argued 
that time contributed by members of the household should be 
valued at the wage rate of each individual. Since personal 
time is really the only scarce resource contributed by the 
household* it seems reasonable to assume that the value 
added by the household in producing each good or service is 
equal to the value of time spent producing the good or serv- 
ice. The total value of each good or service produced by 
the hou<^ehold is equal to the value of time plus the value 
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of any inputs purchased in the market economy ('market 
expenditures') which were used in the activity. 


There are at least tuo objections which may be made to 
this procedure. The first is that the time which is sold as 
labor may also produce a service (or disservice) to the in- 
dividual involved* since people may derive pleasure (or dis- 
pleasure) from their own labor. The wage rate will not re- 
flect the value of this additional service (or disservice), 
and hence not be an accurate representation of the true 
value of peoples' time. Second, people may not be free to 
adju«^t their work hours so as to equate the value of the 
marginal product of time off the job to the wage rate. Un- 
fortunately, there is, as yet, no way to correct for these 
problems in an empirical study. 

Another troublesome problem with valueing peoples' time 
at the wage rate is that it works only for people who have 
wages. Perhaps the most notable class of people who would 
be left out under this scheme re housekeepers. Housekeep- 
ers are the professionals of the household economy, and 
should not Lc; overlooked. As will be discuss ed below, data 
are available on time allocations by housewives, who com- 
prise the overwhelming majority of housekeepers. It will be 
assumed that housewives have an opportuntity cost of time 
(i.e. the wage rate they could make if they were employed in 
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the market economy) equal to the after-tax wage rate of the 
average female year-round full-time employee. People uho 
will have to be left out of this analysis due to lack of 
both time allocation data and the difficulty in estimating 
uage rates include children^ retired people, and the unem- 
ployed. 

Tuo major types of data were required by this project. 

The first type were data on individual time allocations. 

Tnis data uas taken from a 1965 study done by the Survey Re- 
search Center at the University of Michigan. Fcr that 
study, about 2000 non-farm urban-duellers between the ages 
of 18 and 65 kept diaries of hou they spent a single day. 

Times reported were coded into one of 96 activity categor- 
ies. Complete tables were then compiled of time alloca- 
tions, in average number of minutes per day, for employed 
men, employed uomen, and houseuives. Tables uith less de- 
tailed 37 activity categories uere also published for spe- 
cific socio-economic groups, including six household income 
levels. 

The second type of data uere on market expenditures. 

These uere taken from the U.S. Bureau of Labor Statistics' % 

Consumer Expenditure Survey, which gives data on consumer 
expenditures broken down into several hundred categories. 

The survey was conducted in 1961-62 and again in '972-73. 
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This study will use data from the 1972-73 survey* which al- 
though a bit more separated in time from the 1965 time allo- 
cation data* is more complete and up to date than the 
1961-62 survey . 

Reconciling the data on time allocations with the data on 
consumer expenditures pose, several problems. First* it is 
necessary to reconcile the classifications of time alloca- 
tions with the classifications of market expenditures. Ev- 
ery effort was made to develop as detailed a classification 
of household activities as the data would allow. A 38 ac- 
tivity classification was ultimately developed. The first 
17 activites are what will be called "tradable” activities* 
since they are direct competitors with services which may be 
purchased in the market economy. The last 20 activites ere 
called "non-tradable", since the services which result may 
be consumed only by the person who produces them. Appendix 
A describes the activity classification and the assumptions 
behind it in more detail. 

The second data reconciliation problem was to find a way 
to compare data on ind ividual allocations of time with hou - 
sehold market expenditures. The solution is to work at the %, 

aggregate level. Thus* the sum total value of time devoted 
to a particular activity by all individuals may be compared 
to the sum total market expenditures by all households. 
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Breaking out the data by household income levels is diffi- 
cult, as the necessary data on individual wage rates by hou- 
sehold income class have not been published. These uage 
rates may be estimated, houever. .^ppendix B explains the 
methodology uhich uas used to accomplish this. 

Calculation of aggregate market expenditures for each ac- 
tivity by income class began by multiplying per househr'd 
expenditures on each activity for the income class by the 
number of households in the income class. This did not end 
the process, houever, since there uere also some households 
uho did not report their income. Aggregate market expendi- 
tures by these families could, houever, be calculated by 
multiplying their expenditures on each activity by the num- 
ber of households not reporting their income. This amount 
uas then distributed among income classes in proportion to 
expenditures by families reporting their income in each in- 
come class. 


3. THE RESULTS 

The empirical results of this study are shoun in Appendix 

j 

C. The first three columns for each income class shou the 
average number of minutes per day devoted to each activity, 
uhile the fourth column shous the average market expendi- 
tures per household per year. Columns five through seven 
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give the aggregate value of time devoted to the activity by 
all employed men, employed women* and housewives in the in- 
come class* respectively. These figures were obtained by 
multiplying columns one through three by the corresponding 
population and wage rate. Column eight is simply the sum of 
columns five through seven. Column nine gives aggregate 
market expenditures by all households in the income class on 
the activity. Column 10 gives aggregate annual person-hours 
devoted to each activity* obtained by multiplying the fig- 
ures in columns one through three by the corresponding popu- 
lation size* summing* and making necessary unit changes. 

Continuing to the second page for each income class* col- 
umn one gives the sum of columns eight and nine on the pre- 
vious page--the total expenditures of time and money on each 
activity. Column two ranks the activities by total expendi- 
tures. Column three gives the market expenditures pe- per- 
son-hour spent on each activity. Hence* it represents the 
entries in column nine divided by the corresponding entries 
in column 10 on the previous page. Column four ranks the 
market expenditures per person-hour. Column five gives the 
ratio of value of time to total market expenditures. Hence* 
it represents the entries in column eight divided by the 

% 

corresponding entries in column nine on the previous page. 

Column six ranks these ratios. 
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The third page for each income class shows the assumed 
population sizes and wage rates for the income class. The 
total number of employed males and females are based on 1973 
averages as reported by the Bureau of Labor Statistics.^ 
These populations were distributed among income classes in 
proportion to the aggregate number of person-hours worked* 
as estimated and Appendix B and shown in Table 9. The total 
number of housewives is based on the average number of women 
in 1973 not in the labor force due to the fact that they 
were "keeping house." as reported by the U.S. Bureau of La- 
bor Statistics.^ This total was distributed among income 
classes in proportion to the number of households in each 
income class, as shown in the Consumer Expend i ture Survey . 
The total number of households is from the Consumer Expendi - 
ture Survey , with households not reporting their income be- 
ing distributed among income classes in proportion to the 
number of households reporting an income in the class. Uage 
rates are as estimated in Appendix B. 


^U.S. Bureau of Labor Statistics. Emp 1 o vmen t and Earnings . 
U.S. Government Printing Office. January, 1979, p. 145. 


"Ibid- p . 141. 
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4. CONCLUSIONS 

The household economy far exceeds the market economy in 
size. If one were to redefine personal consumption expendi- 
tures (PCE) to include the value of time expended in the 
household, the 1973 Gross National Product (GNP) would have 
been around $4700 billion, rather than $1307 billion.* Many 
of the ’’industries'* of the household economy are gigantic 
compared to most conventional industries. The value of time 
and money which are devoted to watching television, for ex- 
ample. far exceeds the market expenditures on either housing 
or food. 

In virtually every activity, the value of time which peo- 
ple devote to the activity exceeds the value of market ex- 
penditures on the activity. This suggests a substantial 
willingness of people to pay for innovations which would re- 
duce the time spent on activities which are d i s p 1 easu r eab 1 e 
or neutral. Although this statement may not sound very 
original, this willingness to pay for time savings may be 


*This number was obtained by adding my total expense for all 
families (value of time and market expenditures) of $4197 $ 

billion to the 1973 total of $497 billion for gross private 
domestic investment, net exports, and government purchases. 

The number is approximate, since my definition of market 
expenditures does not exactly match the standard definition 
of PCE. 

SourcetU.S. Bureau of the Census. Statistical Abstract o f 
the United States - 1978 . p. 440. 
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much greater than is commonly perceived. For example, most 
oi us are accustomed to thinking of eating out as an **expen- 
sive" activity. Yet, the data in Ap^ ndix C indicate that 
the value of a restaurant customer's time is an average of 
1.9 times more valuable than the cost of the meal purchased. 

The success of the fast-food restaurant industry in recent 
years may be attributable more to the time savings these es- 
tablishments offer than to their lou prices. If this hy- 
pothesis is correct, there is every reason to expect that 
many people would prefer higher quality food than most 
fast-food restaurants offer, and be willing to pay for it, 
if only they could get it quickly. Hence, there is probably 
a substantial untapped market for high-quality fast-food 
restaurants . 

In general, one might assume that the higher the ratio of 
time value to market expenditures, the more willing people 
would be to make a given percentage increase in their ex- 
penditures so as to obtain a given percentage decrease in 
time spent on an activity. House cleaning, with its 19.3 
ratio, and personal care at home with a 25.7 ratio would 
seem ripe for innovation. So would education (2.3 ratio), 
reading (28.3), and hobbies and crafts (18.8). Although it 

% 

would require a substantial technological breakthrough, any 
innovation which could safely and comfortably enable people 
to reduce the time they spend sleeping would h^ve an enor- 
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mous impact. People currently spend time with a value 
roughly equal to the GNP sleeping. 

For a feu activities, expecially medical care and hous- 
ing. the very lou ratios of time value to market expenditure 
suggest that innovations uhich allou people to reduce marxet 
expenditures by devoting a hit more of their own time to the 
activity would have an impact. Do-it-yourself solar water 
heating systems might be one example of such an innovation. 
Various types of medical monitoring equipment for use in the 
home might be another. 

Interestingly, the ratio of time value to market expendi- 
tures are remarkably stable across income classes. There 
are distinctly higher ratios for food and clothing in lower 
income classes, indicating a "do-it-yourself" tendency among 
lower income households. However, the opposite would appear 
to be true of housing. Perhaps this is because lower income 
households generally have more modest housing, requiring 
less care and maintenance than higher income households. As 
might be expected, market expenditures per hour devoted to 
an activity rise with income for all activities. In gen- 
eral. one might infer than all income classes would be re- 
ceptive to innovations which improve household productivity. 
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Thure is a need for regular monitoring ot the houshold 
economy through some indicators similar to those presently 
used to monitor the market economy. These indicators uould 
not necessarily require the type oi detailed time allocation 
data used in this study, although they could be improved if 
this type oi data were available on a regular basis. Useful 
indicators of total household production could be developed 
from existing data on wage rates, employment, and the size 
of various socio-economic groups. These indicators uould 
remind everyone of uhat has been demonstrated in this pa- 
per--that uhat most economic planners think of as 'the econ- 
omy' is merely the tip of the economic iceberg. Hidden un- 
derneath are great opportunities for a better life. 
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Appendix A 

DEVELOPING AN ACTIVITY CLASSIFICATION 


Every effort uas made to develop as detailed a classifi- 
cation of household activites as the data would allow. A 
38-activity classification was ultimately developed. These 
are listed in Table 1. along with the time allocation study* 
activity classifications assigned to each one. 

The 1972-73 Consumer Expenditure Survey, from which data 
on market expenditures were obtained, had two components. 

In the first, a sample of about 20,000 households^ were 
asked to keep diaries of all their expenditures over a two 
week period. In the second, about 20,000 households were 
asked once each quarter for a year to report expenditures 
for "big ticket" items. The results of both survey coir.po- 


*John P. Robinson, H ow Americans Use Time; A Social-Psycho - 
logical A nalysis fi.i Ever yg ay B ehavio r, Praeger Publishers, 
New Ycrk, 1977; 
and 

John P. Robinson, How 'mer leans Us ed Time in 1 965 , Insti- 
tute for Social Research, University of Michigan, Ann Ar- 
bor, 1977. Available from University Microfilms, Ann Ar- 
bor, MI. 

^A household is a group of persons, usually living together, 
who pool income and expenses, or a financially independent 
person . 
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TABLE 1 

Assignment of Time Allocation Study Activities to Household 

Economy Study Activities 


Household Economy 
Study Acti vi ty 

Tradable Activities- 

1. Job 00 

0 1 

02 

03 

04 

05 

07 

08 

2 . Travel t o Job 09 

3. Food Preparation 10 

1 1 
30 

36 

39 

49 


4 . Cl eaning 1 2 

1 3 
30 

39 

49 


5. Gardening and Laun Care 17 


Time A1 location 
Study Activity 


Normal Occupational Work 
Outside Home 

Normal Occupational Work 
at Home 
Overt ime 

Travel During Work 
Waiting Time or Inter- 
ruption During Work 
Second Job 
At Work* Other 
Work Breaks 

Travel to Job 

Food Preparation 
Meal Cleanup 
Shopping for Everyday 
Goods (57^4) 

Waiting for Purchase of Goods 
and Services 
Travel Associated with 
Shopping ( 2 55<) 

Travel Associated uith 
Personal Needs (25J4) 

Cleaning House 
Outdoor Chores 
Shopping for Everyday 
Goods (3J4) 

T»‘avel Associated With 
Shopping (2%) 

Travel Associated With 
Personal Needs (2%) 

Gardening, Annimal 
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6. Pet Care 


7. Clothing and Linens 


8. House 


9. Medical Care Give*'( 
at Home 


10. v.,hi Id Care 


1:. Financial Management 


Care ( 6 OX ) 

30 Shopping for Everyday 
Goods ( IX ) 

39 Travel Associated With 
Shopping (IX) 

49 Travel Associated With 
Personal Needs(IX) 

17 Gardening, Animal 

Care (40X) 

30 Shopping for Everyday 
Goods ( IX ) 

39 Travel Associated uith 
Shopping (IX) 

49 Travel Associated uith 
Personal Needs (IX) 

14 Laund”y, Ironing 

15 Clothea Upkeep 

30 Shopping for Everyday 

Goods ( 1 3X ) 

35 Repair and Cleaning 
Services (60X) 

39 Travel Associated uith 
Shopping ( 1 4X ) 

49 Travel Associated uith 
Personal Needs (14X) 

16 Other Home Repairs 

18 Upkeep of Heat and 

Water Supplies 

31 Shopping for Durable Goods (90X) 
39 Travel Associated uith 

Shopping ( 20X ) 

49 Travel Associated uith 
Personal Needs (20X) 

41 Personal Medical Care 
at Home ( SOX ) 

30 Shopping for Everyday 
Goods ( IX ) 

39 Travel Associated uith 
Shopping (1 *• ) 

49 Travel Associated uith 
Personal Needs (IX) 

20 Baby Care 

21 Child Care 

22 Helping Child uith 

Homeuo rk 

27 Care of Other People's 
Children 

19 Household Paperwork 
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34 Government Services 
37 Other Professional 
Services 

39 Travel Associated with 
Shopping iZ0%) 

49 Travel Associated with 
Personal Needs (20%) 


12. Travel Associated uith 
Professional Medical 
Care 


39 Travel Associated uith 
Shopping (2%) 

49 Travel Associated uith 
Personal Needs (2%) 


13. Travel Associated uith 
Education 


59 Travel Associated uith 
Education 


14. Travel Associated uith 

Organizations and 
Relgi on 

15. Travel Associated uith 

Social Life and 
Entertainment 


69 Travel Associated uith 
Organizations and 
Religion 

79 Travel Associated uith 
Social Life and 
Entertainment 


16. Travel Associated uith 
Leisure Activities 


89 Travel Associated uith 
Leisure Activities 


17. Shopping Associated uith 10 Shopping for Everyday 
Non-Tradable Activities Goods (25%) 

31 Shopping for Durable 
Goods (10%) 

35 Repair and Cleaning 
Services ( 40% ) 

39 Travel Associated uith 
Shopping (14%) 

49 Travel Associated uith 
Personal Needs (14%) 


Non-Tradable Activities- 

18. Personal Care at Home 

19. Personal Care Services 

20. iledical Care Received 

at Home 

21. Professional Medical 

Care 

22 . Eating at Home 


40 Personal Hygiene 

48 Other Private Activity 

32 Personal Care Outside 

Hone 

41 Personal Medical Care 

at Home (50%) 

33 Medical Care Outside 

Home 

43 Eating at Home 
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23. Eating Out 


24. Sleep and Rest 


25. Vacation 

26 . Education 


27 . Religion 


28. Other Organizations 


29. Television 


44 Meals Outside Home 
or Ulorkplace 
06 Meals at Work 

44 Essential Sleep 

46 Incidental Sleep 

47 Resting, Routine Naps 
98 Relaxing 

See Text 

50 Attending Classes as Full- 

Time Student 

51 Attending Classes as Part- 

Time Student 

52 Attending Lectures or 

Special Talks 

53 Political Programs or 

Union Training Class 

54 Homework or Research 

55 Reading Technical 

Journals or Books 

56 Other Education 

64. Participating in 

Religious Organizations 
65 Religious Services 

60 Participating as Member of 

Social or Political 
Organization or 
Labor Union 

61 Voluntary Activities as 

Elected Official of a 
Social or Political 
Organization or Labor 
Union 

62 Participating in Meetings 

of Organizations 

63 Unpaid Work for a Civic 

Purpose 

64 Participating in Factory 

Counci 1 

67 Participating in Other 

Organizations 

68 Other Organizational 

Activity 

9 1 Television 


30. Reading 93 Reading Books 

94 Reading Magazines 

95 Reading Newspapers 

99 Reading, Not Specified 
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Life 24 Indoor Play with Children 

42 Care and Help Given to 
Other Adults 

75 Entertaining or Visiting 

Friends 

76 Parties or Receptions 

77 Going to Bars, Tearooms, 

Soda Fountains, etc. 

78 Other Social Life 
87 Parlor Games 


32. Conversation 23 Read or Talk with 

Child ren 

96 Talking uith Adults 

33. Outdoors 25 Walking or Playing 

Outdoors uith Children 

80 Playing Sports or Physical 

Exercises 

81 Hunting, Fishing, Camping, 

Pleasure Drives, 
Sightseeing 

82 Tslking a Walk or Hike 

34. Entertainment 70 ^.ttending Sports Events 

71 Circuses, Fairs, 

Nightclubs, Dancing 
Parades 

72 Attending Movies 

73 Attending Theater, 

Concerts or Opera 

74 Attending Museums, 

Exh i bi t i ons , or 
Galleries 


35. Listening to Sounds 


36 . Performing 


37. Hobbies and Crafts 


38. Personal Letters 


19 Listening to Records 
or Tape Recording 
22. Listening to Radio 

86 Playing a Musical 

Instrument, Singing, 
Artistic Dancing 

83 Hobbies and Collections 

84 Women's Home Cralts 

85 Artistic Hobbies 
88 Other Leisure 

97 Writing Private 
Correspondence 
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nents have been compiled as an integrated set oi tables.* 

Houever, a greater level of commodity detail is provided in 
the separate publications on each segment of the survey.* 

Both surveys were done over a tuo-year period, with no ad- 
justments made for price changes over that time. Hence, the 
expenditures shown may be viewed as averages of expenditures 
over this period. The diary survey began six-months later 
than the interview survey, with price level adjustments be- 
ing made to ensure that the integrated diary and interview 
survey data reflected calendar years 1972-73. Data are 
presented according to various socio-economic breakdowns, 
including 12 household income levels and seven occupational 
groups . 

Table 2 shows the consumer expenditure classes assigned 
to each household activity. Whenever possible, the classes 
come from among those used in the integerated diary and in- 
terview survey data. In some cases, these classes did not 
provide sufficient detail for this study. The separate di- 
ary and interview survey publications provided a more de- 

•U.S. Bureau of Labor Statistics, Consumer Expend i tu r e Sur - 
vey- Integra ted Diary and Interview Survey Data , 1972-73 , 

Bulletin 1992, U.S. Government Printing Office, Washington, 

DC. 1978. V 

’U.S. Bureau of Labor Statistics, Consumer Expend i tu re Su r - 
vev ! Diary Survey , July 1 97 2- June 1974 , Bulletin 1959 , U.S. 

Government Printing Office, Washington, DC, 1977; 
and 

U.S. Bureau of Labor Statistics, Consumer Expenditure Su r - 
vey ; Interview Survey , 1972-73 . Bulletin 1997, U.S. Govern- 
ment Printing Office, Washington, DC, 1978. 
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tailed breakdown of many of these classes* which were used 
where necessary. Uhere data was taken from one of the sepa- 
rate survey publications* this is indicated by a footnote in 
Table 2. 

With three exceptions* expenditures reported from the 
broad classes shown in the integrated diary and interview 
survey publication equaled the sum of the corresponding more 
detailed expenditure classes in the interview survey publi- 
cation* where the data from the interview survey was used in 
this study. Thus* this detailed expenditure data from the 
interview survey publication was directly comparable to the 
expenditure data reported in the integrated publication* and 
could be used without modification. In three exceptional 
cases small adjustments were made* as explained in the foot- 
notes to Table 2* to insure comparability of this data. 

f 

Expenditure data for the classes in the integrated publi- 
cation never exactly equal the sum of the expend'tures shown 
for the corresponding more detailed classes in the diary 
survey publication* due to price level adjustments made to 
this data in the integration process by the Bureau of Labor 
Statistics. These adjustments were made due to the fact 

n 

that the diary survey actually began six months after the 
interview survey, as explained above. Where diary survey 
data were used, expenditures shown in the diary survey were 
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TABLE 2 

Assignment of Consumer Expenditure Classes to Household 

Economy Study Activities 


Household Economy Consumer Expenditure 

Study Activity Survey Class 

Tradable Activities- 

1 . Job 


2. Travel to Job 

3. Food Preparation 


4 . Cl eaning 


5. Gardening and Laun Care 


6. Pets and Animals 


Transportation ( 35.451) 

Food at Home ( 9851) 
Refrigerators and 
Freezers ( 1 ) 

Cooking Ranges (1) 

Dishuashers and Garbage 
Disposals ( 1 ) 

Toasters, Co f f eemakers , 
Blenders ( 1 ) 

Range Hoods and Electric 

Kitchen Tquipment (1) 
Domestic Services- 

Domestic and Other 
Duties (BOM) (2) 

Hous eua res 

Miscellaneous House- 
hold Products (50%)(3) 
Service Contracts on 

Appliances (50M)(4) 
Transportation (8.7M) 

Cleaning Supplies (3) 

Vaccuums and Other Electric 
Floor Equipment (1) 
Domestic Services- 

Domestic and Other 
Duties (BOM) (2) 
Transportation (.5M) 

Gardening and Laun Care 
Services ( 2 ) 

Fertilizers and Pesticides (2) 
Laun and Garden Supplies (3) 
Launmouers ( 4 ) 

Transportation (.3M) 

Pet Purchases, Supplies, 
and Other ( 1 ) 

Pets, Toys, and Games (10M) 
Food at Home ( 2M ) 
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Transportation (,3/{) 

7. Clothing and Linens Laundry Supplies (3) 

Clothing Purchases 

Dry CLeaning and Laundry 

Mashing Machines (1) 

Clothes Dryers ( 1 ) 

Sewing Machines (1) 

Household Textiles 
Paper Towels# Napkins 

and Tissues (66%)(3) 
Service Contracts on 

Appliances (50%)(4) 
Transportation (6%) 

8. House Shelter 

Other Household Repairs (2) 
Reupholstering and 

Furniture Repair (2) 
Appliance Repair and 
Servicing ( 2) 

Moving, Freight# and 

Storage Charges (2) 

Fuel and Utilities 
Furniture 
Floor Coverings 
Heaters# Fans# Humid- 
ifiers# Vaporizers (1) 
Miscellaneous Items (2) 
Dehumidifiers# Air 

Cond i t i oners ( 1 ) 
Miscellaneous Household 
Products (50%)(3) 

Lamps# Chandeliers# and 
Other Fixtures ( 4 ) 
Window Shades# Blinds, 
and Rods (4) 

Clocks# Mirrors and 

Decorative Items (4) 
Hand and Power Tools (4) 
Insurance on Personal 
Effects (4) 

Other Household Expenses (1) 
Transportation ( 2 . 5X ) 

9. Medical Care Given Non p r es c r i ? t i on Drugs and 

at Home Medical Supplies 

Domestic Services- 

Child Care and Care 
for Elderly (5 0?{)(2) 
Transportation (5.4X) 

10. Child Care Toys (1) 

Pets# Toys and Games (45%) 
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Domestic Services- 

Child Care and Care 
for the Elderly (50^) (2) 
Transportation (5.4X) 

11. Financial Management Stationary and Greeting 

Cards (50‘/.)(3) 

Personal Insurance, 

Retirement and 
Pens ions 
niscel 1 aneous 
Typewriters and Home Use 
Off ice Equi pment 
Transportation (5.2?i) 

12 Travel Associated with Transportation (255) 
Professional Medical 
Care 

13. Travel Associated with Transportation( 1%) 

Education 

14. Travel Associated with Transportation (5.354) 

Organizations and 
Religion 

15. Travel Associated with Transportation (15.654) 

Social Life and 
Entertainment 

16. Travel Associated with Transportation ( 2.754 ) 

Leisure Activities 

17. Shopping Associated with Transportation ( 8.654 ) 

Non-Tradable Activities 

Non-Tradable Activities- 

18. Personal Care at Home Personal Care Products (5) 

Paper Towels, Napkins, 
and Tissues (3) 

19. Personal Care Outsioe Personal Care Services (5) 

Home 

20 Medical Cara Received 
at Home 

21. Professional Medical Health Care Expenses Not 

Care Covered by Insurance 

Health Insurance 

22 . Eat ing at Home 
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23. Eating Out 

24. Sleep and Rest 

25 . Vacation 

26. Education 

27 . Rel igion 

28. Other Organizations 

29. Television 

30. Reading 

31. Social Life 


32. Conversation 

33 . Outdoors 


34 . Entertainment 


Food Auay from Home 
Meals as Pay 


Vacation and Pleasure Trips 
Owned Vacation Home 
Luggage# Footlockers# 
and Trunks (4) 

Education 

Gifts to Religious 

Organization r (6) 

Gifts to Mel fare 

Organizations ( 6 ) 

Gif^s to Educational# Political# 
and Other Organizations (6) 

Television 

Television Cable Services (1) 

TV# Radio# Musical Instrument# 
and Other Repairs and 
Rentals (60X)(1) 

Read i n^ 

Pets# Toys# and Games (451{) 

Gifts to Individuals 

Outside Family (6) 
Alchoholic Beverages 
Tobacco Products and 
Smoking Supplies 

Tel ephcne 

Boats# Aircraft and Wheel 
Goods 

Club and Membership Dues (1) 
Bicycles, Tricycles, and 
Powered Carts ( 1 ) 

Sports Equipment (1) 

Playground# Camping, and 
Other Equipment M) 

Season Tickets# Admissions# 
and Fees ( 1 ) 


35. Listening to Sounds Radios (1) 

Phonographs, Tape Recorders# 
and Other (1) 

Compjn'^nt Systems# Parts and 
Other ( 1 ) 
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36. Performin'j 


37. Hobbies and Crafts 


Records. Reels, and Cassetts (1) 
TV. Radio. Musical Instrument, 
and ether Repairs and 
Rentals (40M) (1) 

Musical Instruments and 
Accessories (1) 

Lessons ( 40%) ( 1 ) 

Phot ig raphy C 1 ) 

L ess ons ( 4 0% ) ( 1 ) 


38. Personal Letters 


Stationary and Greeting 
Cards (50%)(3) 


v1) Taken from interview survey publication. 

(2) The integrated diary and interview survey publication gives one 
figure for "Domestic and Other Household Services'*, which includes 
the following classifications from the interview survey 
publication: 

Domestic Services-Domestic and Other Duties 
Domestic S erv i c es -Ch i 1 d Care and Care for Elaerly 
Gardening and Lawn Care Services 
Other Household Repairs 
Reupholstering and Furniture Repair 
Appliance Repair and Servicing 
Moving, Freight, and Storage Charges 
Fertilizers and Pesticides 

However, these classifications do not sum to match the total shown 
in the integrated publication. The difference is evidently due to 
the inclusion of a few miscellaneous items from the diary survey, 
including locksmith services, small houseplants. seeds, and bulbs. 
This was resolved by using the figures for the above 
classifications shown in the interview survey publication, and 
creating a new classification "Miscellaneous Items" for the 
difference between the total expenditures for the above 
classifications and the total expenditures shown in the integrated 
publication., 

(3) These classifications were lumped together under the heading 
of "Housekeeping and Laundry Supplies" in the integrated diary 
and interview survey publication. Detailed expenditure data was 
taken from the diary survey publication, and scaled to make the 
total of aM these classifications match the total shown in the 
integrated publication. 

(4) The integrated diary and interview survey publication gives one 
figure for "Miscellaneous Household Expense", which includes these 
classifications from the interview survey publication. However, 
expenditures on these classifications do not match the total 

shown in the integrated publication. The difference is evidently 
due to the inclusion of expenditures on sheds from the diary 
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survey. This uas resolved by adding the diiierence between the 
total of these classifications shown in the interview survey 
publication and the total shown in the integrated publication to 
the figure for "Other Household Expenses.” Expenditures on other 
classifications were taken directly from the interview survey 
publication. 

(5) These classifications were Lumped together under the heading 
of "Personal Care" in the integrated diary and interview survey 
publication. Detailed expenditure data was taken from the diary 
survey pub 1 i c« t i on , and scaled tc' make the total of all these 
classifications match the total shown in the integrated 

publ icat i on . 

(6) The integrated diary and interview survey publication gives 
one f gure for "Gifts and Contributions", which includes these 
classifications from the interview survey publication.. However, 
expenditures on these classifications do not sum to match the 
total shown in the integrated publication. The difference is 
evidently due to the inclusion of some small contributions from 
the diary survey. This was resolved by scaling the detailed 
expenditure data to make *he total of all these classifications 
match the total shown in the integrated publication. 
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sca'ed by the factor necessary to ensure that the eype~di- 
ture shown for a class in the integrated publication equaled 
the sum of the corresponding expenditures in the diary sur- 
vey publ ication . 

The most troublesome group uf activities to deal with in 
developing this classification were those related to travel. 

They will be regarded as tradable^ since even though it is 
not possible to pay someone else to do one's own traveling, 
it is generally possible to pcy to have whatever one is 
traveling to brought to one's home. For example, if one 
does not wish to travel to school, one could hire a tutor to 
give lessons at home. In this sense, travel competes di- 
rectly with services offered in the market economy. 

With the exception of "Travel to Job", the tine and ex- 
pense of travel associated with tradable activities (numbers 
3-11) were included in the times and expenses of these ac- 
tivities. "Travel to Job" was felt to be so important that 
it was made a separate activity. Since travel was consid- 
ered to be a IradaMe activity, it seemed inappropriate to 
include the time and expense of travel associated with non- 
tradable activities in the times and expenses allocated to 

% 

these activities. Hence, five specie! ^radable activities 
were created for them (numbers 12-11) 
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Travel while on vacation was considered to be different 
from other types of travel associated with non-tradable ac- 
tivitiesr since one cannot generally pay to have the vaca- 
tionland brought to one's home. Furthermore, vacation 
travel may bs an integral part of the activity of vacation- 
ing. not simply something which must be done in order to 
carry out some other activity, as is usually the case for 
travel associated with other activities. Hence, the time 
and expense of vacation travel was included in the activity 
"vacation" . 

Shopping is similarly a tradable activity, which is asso 
ciated with most activities, both tradable and non-tradable 
The time spent on shopping associated with activities 2-16 
were included in the time of these activities, while the 
time spent on shopping associated with non-tradable activi- 
ties 18-38 were made into a separate activity "Shopping As- 
sociated With Non-Tradable Activities." 

Unfortunately, the time allocation study does not break 
down time spent traveling and shopping into this much de- 
tail. While travel activites 13-16 are broken out, as well 
as travel to job and travel associated with child care, all 
other travel in the time allocation study is lumpted to- 
gether under "Travel Associated with Purchasing Gnods and 
Services" and "Travel Associated with Personal Needs". 



VOLUME I, PART II.D.l 


399 


. V . ■* fc. . - . I ' • • 

OF POOR yjMLlfY 

Shopping is broken down into only "Shopping for Everyday 

Goods", "Shopping for Durable Goods", and "Waiting for Pur- 
chase of Goods and Services." There is very little pub- 
lished data which could be used to further breakdown those 
classifications. Even if data on time allocations by de- 
tailed purpose of trip had been collected, it would be dif- 
ficult to analyze, since consumers so frequently do several 
types of shopping and errands on a single trip. A Federal 
Highway Administration study provides some very limited 
guidance.'*’ The sum total of the time allocations for 
"Travel Associated with Purchasing Goods and Services" and 
"Travel Associated with Personal Needs" were allocated among 
activities based on estimates made by the author. Simi- 
larly, the time allocations for shopping were allocated 
among activities based on estimates made by the author. The 
percentage of the total allocated to each activity is indi- 
cated in Table 1 . 

Except for transportation expenditures while on vacation, 
the consumer expenditure survey provides no breakdown of 
transportation expenses by purpose of trip. Transportation 
expenses were therefore distributed among activities in pro- 

% 


’*’U.S. Federal Highway Administration, Nat ionwide Personal 
Transportation Study; Report iLfl. JJI: EllC£.g,S-ga ill AiSlfimfi- 

b i 1 e Trips and Travel , Washington, DC, May, 1974. Addi- 
tional data from this study is presented in U.S. Depart- 
ment of Transportation, 1974 Natl ona 1 Transportation 
Report , Washington, DC, July, 1975, pp. 133-134. 
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portion to a ueighted average of the travel times of 
employed men. employed women, and housewives allocated to 
each activity. The percentage of total non-vacation trans- 
portation expense allocated to each activity is indicated in 
Table 2 . 


The time allocation study did not survey people who were 
on overnight trips, hence most vacation time was excluded. 


In order to estimate time spent vacationing, it is necessary 
to turn to the Census of Transportation. The average trip 


duration is estimated from the following distribution of 


trip durations : ’ ’ 


Duration 


1967 Total Percent 

Person-Trips Non-Business 
( mi 1 1 i ons ) 


1 Day 

3 1.5 

1 Night 

89.7 

2 Nights 

94.1 

to 5 Nights 

75.7 

to 9 Nights 

34.8 

to 15 Nights 

20 . 3 

>16 Nights 

15.1 


73.6 

84 . 2 

88 . 6 
84 . 9 
92.5 

92.2 

89 . 3 


One day trips will be ignored, as presumably they were in- 
cluded in the time allocation survey under one of the lei- 
sure activities. It will be assumed that one night trips 
lasted an average of 24 hours; two night trips lasted an av- 
erage of 48 hours; three to five night trips lasted an aver- 




’’U.S. Bureau of the Census. 1967 Census Transportation ; 
Volume i. National Travel Survey , Washington, DC. July, 
1970, p. 24. 
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age o i 

46 hours; six 

to nine 

night trips 

lasted 

an average 

ol 180 

hours; tan 

t o 

i 1 i t een 

night trips 

lasted 

an average 

o i 3 0 0 

hours: and 

sixteen nights or more 

trips 

lasted an av 


•mg* o< 480 hours. Using th« number oi non-business trips 
ss • weighting lector, an average trip duration ol 104 hours 
mav be obtained. 


The Census oi Transportation also provides data on the 
number oi trips by household income level. From this, the 
average annual number oi non-business overnight trips per 
person bv income level may be calculated (see Table 3). 
r!>i 1 t i p 1 V 1 nq this average number oi trips bv average trip du- 
ration oi 104 hours gives the iollouing annual number oi 
hours per person spent on overnight vacation trips by income 
class: 


Household 
1 nc om e 
Level 
( 1^07) 


Average Annual Number 
oi Hours Spent on 
Overnight Vacation Trips 
Per Person 


V • 4 0 n 0 0 s 

>4.000-»5.‘JOq 185 

♦h . 000-7 . 444 ^05 

♦ 500-4. qqq 1^,8 

♦ 1 0 . 0 0 0 - 1 4 . 4 q q *..4 0 

♦15.000 131 

All 151 


Fstimated average number ol minutes npr day spent on the ac- 
tivity "vacation" were obtained bv simply converting tliese 
iiqures into units ol minutes per day. The time spend on 
all other activities were scaled down to ensure than the sum 
of all daily activities equaled 1440 minutes (.?4 hoursl. 
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TABLE 3 


Calculation of 

the Annual 

Number of Non 
Person 

-Business 

Trips Per 

Household 

1967 

Percent 

Est imated 

Average 

Income 

Number Non- 

Popu 1 a- 

Annual 

Level 

0 f 

Tr i ps ( 

Business 

1 ) 

tion( 2) 

Non- 

Bus iness 
Trips Per 
Person 

<*4, ono 

38.5 

91.5 

37 . 4 

.94 

*4,000-5,999 

52.4 

92.5 

27 . 3 

1 .78 

*6,000-*7,499 

53.5 

90.4 

24.5 

1 . 97 

*7,500-9,999 

70.6 

88.0 

38.3 

1.62 

*10,000-14,999 

73.4 

80.7 

43.9 

1 .35 

>*15,000 

4 1.3 

74.0 

24.3 

1 . 26 

Total 

329.7 

86 . 0 

195.8 

1 .45 


1) The number of trips ior each family income level was scaled 
to give a total of 329.7 million trips, the number of trips of 
one night or more duration recorded above. 

2) Source: U.S. Bureau of the Census, Current Population Reports , 
Series P-60, No. 59, "Money Income in 1967 of Families," U.S. 
Government Printing Office, Washington, DC, April, 1969, pp. 39,41. 
Represents sum of families and unrelated individuals. The Census 
Bureau's *7,000-7,999 income class was divided evenly between 

the *6 , 000-$7 , 499 and *7,500-9,999 income classes. 
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Appendix B 

ESTIMATION OF AVERAGE MAGE RATES BY HOUSEHOLD INCOME CLASS 


Average wage rates by household income class may be ob- 
tained by estimating aggregate earnings'^ alter taxes by all 
persons in an income classr and dividing this by an estimate 
of the aggregate number of person-hours worked by individu- 
als in the income class. Aggregate earnings for an income 
class may be estimated by multiplying average earnings of 
each household in an income class by the total number of 
households in the income class. Both sets of data are given 
by the Consumer Expenditure Survey. Aggregate earnings may 
then be multiplied by one minus the tax rate to give aggre- 
gate earnings by families after taxes (see Table 4). The 
Consumer Expenditure Survey shows taxes paid by each type of 
hence the tax rate may be easily calculated. The tax 
rate includes federal, state, and local income taxes. Al- 
though it would be appropriate to include Social Security 
taxes in the tax rate as well, the Consumer Expenditure Sur- 
vey includes Social Security taxes in the "Health Insurance" 


’^As used in this report, "earnings" refers only to wages, 
salaries, and self-employment income, while "income" in- 
cludes transfer payments, such as social security and wel- 
fare, and property income, such as rents and dividends. 
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and "Personal Insurance, Retirement, and Pensions" 
categories. It is unfortunately not possible to recover the 
cost of Social Security taxes from this data. After-tax 
wages will be jsed in this study, since the after-tax wage 
is the value of time as perceived by the individual in- 
volved . 


TABLE 4 


Aggregate Annual Earnings by Income Class 


Household 

Number 

Earnings 

Aggregate 

Tax 

Agg regate 

Income Class 

0 f 

Per 

Earnings 

Rate 

Earnings 


House- 

Hous eho 1 d 

(Mi 1- 


After Tax 

holds ( 1 ) 

( ♦) 

i on$ ) 


(Mil- 

(Millions) 




lion ♦ ) 

<♦3,000 

9 . 572 

292.48 

2799 . 6 

3.8% 

2693 . 2 

$3,000-3,999 

4.214 

1198.56 

5050.7 

3.6% 

4868 . 9 

$4,000-4,999 

3.827 

2115.49 

8095.0 

4.9% 

7699 . 3 

$5,000-5,999 

3 . 466 

3006 . 97 

1 0422.2 

6.7% 

9723.9 

$6 ,000-6 ,999 

3.59 1 

4120.37 

14796 . 2 

7 . 9% 

13,627.3 

$7 ,000-7 ,999 

3 .43 

5350 . 16 

1835 1 . 0 

■» .7% 

16,571.0 

$8,000-9,999 

6.963 

70 18*. 49 

48,870 . 0 

1 1 . 2% 

43,396. 3 

$ 1 0 , 000- 1 1 , 999 

1 6 . 629 

9422.01 

62,458 . 5 

12.9% 

54,501.4 

$12, 000-14,999 

8.844 

1 1 ,784 . 39 

104,221. 1 

14.0% 

89,630.2 

$15,000-19,999 

1 0 . 555 

15,504. 39 

163,648. 1 

15.2% 

138,774. 2 

$20 , 000-24 ,999 

5 . 309 

20,21 1 .54 

1 07 , 303 . 1 

16.6% 

89,490.8 

>$25, 000 

4.815 

32,654.29 

157,230.4 

18.6% 

1 27 , 985 . 6 


(1) 3.773 million households who did not report their income were 
distributed over income classes in proportion to the number of 
households reporting an income in each class. 


Source: U.S. Bureau of Labor Statistics, Consumer Expenditure 
?Mf v gy • Integrated Dxarv and Interview Survey Data , Bulletin 
1992, U.S. Government Printing Office, Washinton, DC, 1978, pp. 
24-35 . 
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Calculation of the aggregate number of person-hours 
uorked b/ income class is a bit more difficult. Beginning 
uith the year 1975. the Census Bureau began publishing data 
on the number of full-time year-round earners'^ per family 
by income class. Thus, one can estimate the number of 
full-time year-round earners in families simply by multiply- 
ing the number of families by the number of full-time year- 
round earners (see Table 5). 


The Census Bureau, houever. defines a family as tuo or 
more persons related by blood, marriage, or adoption living 
together. Since this study is concerned uith all house- 
holds. including those consisting of only one person, it is 
necessary to add the number of full-time year-round earners 
among uhat the Census Bureau calls "unrelated individuals." 
Fortunately, data has also been published on this (see Table 

I 

6). The result is the number of full-time year-round earn- 
ers in each income class. 


The total number of full-time earners may be estimated 
from these figures by assuming the number of full-time earn- 
ers in each income class is proportional to the number of 
full-time year-round earners. Thus, the total number of 
full-time earners is distributed among income classes in 


"year-round" earner is someone who was employed 50 or 
more ueeks in the previous year. 
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TABLE 5 


Number of Full-Time Year-Round Earners in Families 


Nous eho 1 d 

Number 

Full-Time 

Fami 1 y 

Income Class 

0 f 

Yea r-Round 

Full-Time 


Fami 1 i es ( 1 ) 

Earners Per 

Y ea r-Round 


( 000 ) 

Fami 1 y ( 2 ) 

Ea rners 
( 000 ) 

<$1 , 000 

605.58 

. 22 

133.23 

$1,000- 1 ,499 

385.37 

. 22 

84.78 

$1,500-1,999 

605.58 

.22 

133.23 

$2,000-2,499 

770.74 

. 1 1 

84.78 

$2,500-2,999 

935.90 

. 1 1 

102.95 

$3,000-3,499 

1101.06 

. 1 0 

110.11 

$3,500-4,000 

1156.11 

. 1 0 

115.51 

$4,000-4,999 

2477 . 39 

. 17 

421.16 

$5,000-5,999 

2532.44 

. 26 

658.43 

$6 ,000-6 ,999 

2642.54 

. 34 

898.46 

$7,000-7,999 

2697 .60 

. 46 

1 240.90 

$8,000-8 ,999 

2807.70 

. 53 

1488 . 08 

$9 ,00-9 ,999 

2697 .60 

.64 

1726 . 46 

$1 0 , 000- 1 1,999 

5890 . 67 

.75 

4418. 00 

$12,000-14,999 

8147.84 

.92 

7496 . 0 1 

$15,000-24,999 

14,478.94 

1.19 

17 , 229 .94 

$25, 000-$49,999 

4569.40 

1 . 47 

6717.02 

>$50,000 

550 . 53 

1.16 

638 . 6 1 


(1) Source: U.S. Bureau of the Census. Current Population 
Reports . Series P-60, No. 97, "Money Income in 1973 of 
Families and Persons in the United States", U.S. Government 
Printing Office, Washington, DC, 1975, p. 46. 

(2) Source: U.S. Bureau of thr Census, Cu r rent Population 
Reports . Series P-60, No. 105, "Money Income in 1975 of 
Families and Persons in the United States", U.S. Government 
Printing Office, Washington, DC, 1977, p. 112. 


proportion to the number of full-time year-round earners. 

In a similar fashion, the number of part-time earners in 
each income range may be obtained by distributing the total 
number of part-time earners over the income ranges in pro- 
portion to the number of full-time year-round earners in 
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TABLE 6 


Number of Full-Time Year-Round Earners Among Unrelated 

Individuals 


Household 

Number of 

Ful 1-Time 

Unrelated 

Income Class 

Unrelated 

Year-Round 

Ind i vidual 


Indiv- 

Earners Per 

Ful 1-Time 


iduals! 1 ) 

Unrelated 

Year-Round 


i 000 ) 

Ind iv- 

Earners 



idual ( 2) 

( 000 ) 

<$1000 

1387.76 

. 082 

113.80 

$1 ,000-1 ,499 

1 168.64 

.040 

46.75 

$1 , 500- 1 , 999 

1442.54 

.024 

34.62 

$2,000-2,499 

1679 .92 

.029 

48.72 

$2,500-2,999 

1278.20 

.030 

38.35 

$3,000-3,499 

1095.60 

.059 

64.64 

$3,500-3,999 

858.22 

. 105 

90.11 

$4,000-4,999 

1698. 18 

. 192 

326 .05 

$5,000-5,999 

1 296.46 

.300 

388 .94 

$6 ,000-6 ,999 

1040.82 

.435 

452.76 

$7,000-7,999 

931.26 

.498 

463.77 

$8,000-8,999 

858.22 

. 574 

492.62 

$9,000-9,999 

675.62 

.626 

422.94 

$1 C , 000- 1 1 , 999 

1004.30 

.706 

709.04 

$12,000-14,999 

913.00 

.749 

683.84 

$15,000-24,999 

766.92 

.792 

607.40 

$25,000-49 ,999 

127.82 

.8 12 

103.79 

>50,000 

54.78 

.7 ; 1 

38.95 


( 1 ) Source : 

U . S . 

Bureau of the 

Census, Current 

Population 

Reports, Series 

P-60, 

No. 97, U 

.S. Government 

Printing Office, 

Washington , 

DC, 

1975, 

p. 47 . 



( 2 ) Source: 

U . S . 

Bureau of the 

Census, Current 

Population 

£££ILLiS.. Series 

P-60, 

No. 105, 

U.S. Government 

Printing Off ice 

Washington, 

DC , 

1977 , 

p. 155 




each range 

(see Table 

7 ) . 

The 

total number of person-hours 

worked may 

be obtained 

by 

assuming each full-time 

earner 

works 40 hours a week 

52 

weeks 

a year, while each 

part-time 




earner works 20 hours a week 52 weeks a year. 
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TABLE 7 



Aggregate Person-Hours 

Worked 


Household 

Total 

Total 

Total 

Total 

Income Class 

Ful 1-Time 

Estimated 

Estimated Annual 


Year Round 

Full-Time 

Part-Time Person 


Earners 

Earners 

Earners 

Hours 


( 000 ) 

( 000 ) 

( 100 ) 

Worked ( 2 ) 





(Mi 1 1 i ons ) 

<$1 # 000 

247 . 0 

354.4 

72.6 

812.6 

$1,000-1.499 

13 1.5 

188.7 

38.7 

433.2 

$ 1 # 500- 1 #999 

167.9 

240 . 9 

49 . 4 

552.4 

$2# 000-2# U99 

133.5 

19 1.5 

39 . 3 

439 . 2 

$2,500-2.999 

141.3 

202.7 

4 1.6 

464.9 

$3,000-3.499 

174 . 8 

250.8 

51 .4 

575. 1 

$3,500-3.999 

205.7 

295. 1 

60.5 

676.7 

$4 ,000-4.999 

747 . 2 

1072. 1 

219.7 

2458.5 

$5, 000-5.999 

1 047 . 4 

1502.8 

308. 0 

3446 . 1 

$6,000-6.999 

1351.2 

1938.6 

397 . 3 

4445.5 

$7 , 000-7 ,999 

1704.7 

2445.8 

501.3 

5608.6 

$8,000-8.999 

1980.7 

284 1 . 8 

582.5 

6516.7 

$9 .000-9,999 

2149.4 

3083.9 

632. 1 

707 1 . 9 

$ 1 0 , 000- 1 1 ,999 

5127.0 

7356 . 0 

1507.7 

16.868.5 

$12,000-14,999 

8179.9 11 

#736.2 

2405.5 

26.013.0 

$15,000-24.999 

17,837.3 25 

, 592.2 

5245.4 

58,687. 0 

$25,000-49,999 

6820 . 8 

9786 . 2 

2005.8 

22,441.3 

>50 . 000 

677 . 6 

972.2 

199.3 

2229 . 4 


(1) Source: Total number of full-time and part-time employed 
persons from U.S. Bureau of Labor Statistics# Eino 1 o vmen t and 
Earnings # U.S. Government Printing Office# Washington# DC# 
January# 1974. p. 145. Figures based on annual averages 
for 1973. 


( 2 ) See text . 


This procedure probably tends to understate the number of 
employees in the lower income ranges# where people probably 
work on a more in ermitent basis# but it seems to be about 
the best which can be done with available data. 1973 Census 
data will be used throughout to ensure comparability with 


40 


VOLUME I. PART II.D.l 


409 


the Consumer CKpenditure Survey, except for the number of 
full-time year-round earners per family by income class, 
which will be for 1975. the first year it was published. 

Before proceeding to divide aggregate earnings by hours 
worked, it is necessary to reconcile the income classes used 
in the various data sources. Since the income classes given 
for the time allocation study are for the year 1965. they 
must be adjusted for inflation to make them comprable to the 
remaining data, which is for the year 1973. One 1965 dollar 
had the purchasing power of 1.4 1973 dollars, according to 
the consumer price index. Table 8 shows the household econ- 
omy study income classes used here, and the corresponding 
income classes in the data sources. It was necessary to 
split the Census Bureau's *15.000-25.000 income class be- 
tween the *12.000-19.999 and >*20.000 classes used here. 

This was done by dividing the earnings in the 
* 1 5 . 0 0 0-*25 . 0 0 0 income class between the two classes in pro- 
portion to the number of households in the two classes, as 
reported in the Consumer Expend i tu re Survey . 

Table 9 shows the average after-tax wage rates which re- 
sult from dividing aggregate earnings by aggregate person- 
hours worked. There are. however, significant differences 
in earnings between the sexes. The average full-time year- 
round male earner earned 1.158 times as much a« the average 
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TABLE 8 

Correspondence oi Income Classes 


Household 

Time 

Census 

Consumer 

Economy 

Allocation 

Bureau 

Expenditure 

Study 

Study 

Income Class 

Study 

Income Class 

Income Class 

( 1973 *) 

Income Class 

(1973 *) 

(1965 *) 


( 1973 *) 


<♦5. noo 

<*4 ,000 

<*1,000 

* 1 , 000- 1 , 499 

* 1 , 500- 1 , 999 
•2.000-2.499 
•2, 500-2,999 
•3 , 000-2,499 
*3, 500-3,999 

* 4 , 000-4 ,999 

<*2,000 
•3, 000-3,999 
•4,000-4,999 

*5.000-7 ,999 

*4 , 000-5,999 

*5,000-5,999 
*6 ,000-6 ,999 
•7, 000-7,999 

•5,000-5,999 

• 6 , 000-6 ,999 

• 7, 000-7.999 

*8 . OOC-9 , 999 

*6 , 000-7 , 499 

*8 , 000-8 ,999 
*9 ,000-9 ,999 

•8, 000-9 ,999 

*10,000-11,999 

*7 , 500-9 ,999 

• 1 0 , 000- 1 1 ,999 

• 1 0, 000- 1 1 , 999 

* 1 2, OCO- 19 , 99 J 

*10,000-14,999 

*12,000-14.999 
*15, 000-25. 000* 

*12. 000-14,999 
*15,000-19,999 

>*20.000 

>15,000 

*15, 000-25, 000* 
>25,000 

*20 , 000-24 ,999 
^25 , 000-49 , 999 


>*50 , 000 

^Number oi earners in * 1 5 > 0 0 0-25 , 0 0 0 income class allocated between 
* 1 2,000-19.999 and >*20 . 000 household «fConoray study income 
classes in proportion to the number of families in each class, as 
reported in the Consumer Expend i tur e Survey . 


full-time year-rour.d earner, while the average full-time 
year-round female earner earned only .637 times as much as 
the average full-time year-round earner.'' It will be 
assumed that these same ratios apply to ell types of earners 
at all income levels. 
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TABLE 9 


Poor 


^'''"ALITY 


Average Wage laies 


Household 

Aggregate 

Aggregate 

Hourly 

Economy 

Earnings 

Person-Hours 

Wage 

Study Income 

(Mi . 1 ion $) 

Worked 

(After 

Class 


( Mi 1 1 i ons ) 

Tax $ ) 


<$5, 000 

15,261.4 

6412.6 

2. 38 

$5 , 000-7 , 999 

39,922.2 

13,500.2 

2.96 

$8,000-9,999 

43,396 . 3 

13,588.6 

3.19 

$10,000-11,999 

54,401 .4 

16,868.5 

3.23 

$12,000-19,999 

228,404.4 

65,959.5 

3.46 

>$20,000 

217,476.4 

44,311.2 

4.91 

Total 

598,862. 1 

160 , 640 . 5 

3.73 


The before-tax uage rate for housewives was assumed equal 
to the average earnings of a full-time year-round female 
earner in 1973 of $6661 per year’* or $3.20 per hour. The 
after-tax uage rate for houseuives uas calculated for each 
income class, by multiplying this by one minus the tax rate 
for the income class. The tax rates are a weighted average 
of those shown in Table 4, where the weighting is by number 
o f households . 


’'U.S. Bureau of the Census, Current Population Reports . Se- $ 

ries P-60, No. 97, U.E. Government Printing Office, Wash- 
ington, DC, 1975, pp. 137-139. 

’*U.S. Bureau of the Census, Current gr ’■ ulation Reports . Se- 
ries P-60, No. 97, "Money Income in l»73 of Families and 
Persons in the United States", U.S. Government Printing 
Office, 1975, p. 139. 
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3^ ENTERTAINENT 3.7293 19 0.3133 26 9.707^ 

35 LISTENING TO SOUNDS 1.6269 25 1.1295 21 2.9619 

36 PERFORMING 0.2720 36 0.9369 23 3.1397 

37 HOBBIES AND CRAFTS 1.9939 29 0.2619 29 10.7215 

38 PERSONAL LETTERS 1.0910 27 0.2082 30 13.9320 
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total 1440.00 1440.00 1440.00 8260.5 142.10 48.60 85.58 276.47 57.49 92660.4 



420 


VOLUME I, PART II.D.l 


original 

OF FOOR QUAL\f^ 


(/) 

(T) 

< 

mJ 

u 


Ui 











































r 




1 


o 


CM 

O' 


»n 

CM 

o 



Kl 

in 

N* 

CO O 


CM 

o 

1 

ft 

1 

ft> 

1 

ft K 

pn 

N 


ft 


ft 

CM 

o 

ft 

in 

ft 

in 

o 

< 

ft 




1 

CM 

CM 


CM 

CM 

CM 

m 

K) 


CM 

K» 

CM 

CM 

CM 

CM 

' 



pn 

1 

pn 

1 


1 

" 

' 




' 





' 



M 

o 


N 


(0 

Ui 


















• 























Ui 


K 







































X 

O 

>J 

K 


1 


in 

CM 

O' 

CM 


-o 

K> 


O' 


« 

ft* 

O 

0) 


o 

pn 

CM 

1 

pn 

1 

ft- 

1 

pn K 

N 

in 

pn 

f*- 


in 

pn 

PN« 

pn 



ft 

UI 

M 

< 

Ui 


1 

w 


«o 

o 

M) 

O 


fs. 

.f 

in 

N 

O' 

in 

ft* 

O 

M> 

o 

o 

<o 

1 


1 


1 

e r**> 

ft 

fn 

CM 

m 

o 

pv 

ft 

O' 

ft 



pn 

(0 

W 

> 


o 

1 

N. 

CM 

CM 

in 

O 

*o 


m 

fO 

o 

in 

ft* 

ft 


o 

ft 

o 


e 

1 


1 

pn 

1 

ft ft 

O 

CM 

r*^ 

o 

•ft 


o 

«« 

ft 

ft 

<0 

in 

2 

< 


ft 


1 


'O 


m 

•o 

CM 


CM 


o 


CM 

o 

o 

o 

'C 


<0 

in 

1 

o 

1 

•ft 

1 

CM O 

m 

h»* 

•ft 


in 

CM 

ft 

•ft 


CM 

ft 

ft 

o 

K 

Ui 


Ui 

1 

• 

• 

• 

• 

• 

• 

• 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

1 

4 

1 

4 

1 

4 4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

z 


r 


Cl 






o 


o 

o 

>o 


o 




•» 


CM 

ft 

o 


o 




in ^ 

CM 

f-- 

ft 

o 

ft 

CM 

pn 

ft 

CM 

CM 

ft 

N. 





X 




CM 















CM 










pn 

CM 









O' 


K 


Ui 







































o 











































e* 











































1 

$ 




1 

CM 

o 

CM 



m 

CM 

m 

r- 

o 

O' 


O' 

«> 

r** 

N 


pn 

in 

1 


1 

in 

• 

-ft •ft 

O 

o 

ft 

O 

in 

CM 

pn 

ft 

ft 


<^ 


o 

< 




1 









CM 









m 


1 


1 


1 

CM ^ 

CM 

CM 

pn 

pn 

CM 

CM 

CM 

CM 


CM 

CM 

pn 

o 

o 

K 










































CO 











































UJ 


in 

Ui 

q: 









































z 

K 

5 

*) 









































Ui 

H’ 



o 


»o 

in 

CM 

K 

Kl 


>o 

O 

K> 

ru 


CO 

m 

'ft 

ft 

CM 


<0 

o 

in 

o 

•ft 

o 

O tf> 

CM 

«0 


wm 

in 

m 

ft 

m 

ft 

ft 

e 

pn 




z 


o 


T 

© 

o 


K> 

r*. 


CM 

K3 

ai 


in 

CM 

•o 

in 

O 

ft 

CM 

o 

o 

o 

CM 

o 

ft o 

CM 

ft 

rs. 

o 

ft 

pn 

•T 

o 

O 


r- 

in 

a 

o: 

g 



o 



CM 

V 

O 

CM 




CM 

CM 

in 

CM 

M3 

ro 

CO 

fO 



o 


o 

O 

o 

M) f*- 

pn 

N 

p-» 

in 

ft 

in 

ft 

ft 

ft 

ft 

f-4 

ft 

o 

< 


ft 


o 

m 

>o 



• • 

V 

'J- 



in 

CM 


« 

CO 

ft 

*o 

CM 

W4 

in 

o 

>o 

o 

ft 

o 

in o 

pn 

pn 

o 


ft 

CM 

ft 

ft 

pn 

CM 

CM 


U. 

r 

Ui 

Ui 


• 

• 

• 

• 

• 

• 

• 

• 

4 

• 

4 

4 


4 

4 

4 


4 

4 

4 

4 

• 

• 

4 

• 

• 4 

4 

4 

4 

4 

• 

• 

• 

• 

• 

4 

4 

• 



Q. 

CL 


o 

CM 

•» 

O 

CM 


CM 

CO 

CM 

O 

CM 

o 

CM 

CM 

CM 

CM 



o 

in 

o 

«> 

o 


o 

o •- 


Q 

o 

o 

o 


O 

o 


V 

o 

o 

<A 


X 
























po 

















Ui 


Ui 










































5 


L-l 

2 


CM 


pn 

pn 

pn 

CM 

ft 

•ft 


ft 

o 

in 

Ps. 


ft 

ft 

CM 


N 

e 

0> 


ft 

m 


CM 

ft 


ft 

in 

ft 

•ft 

K 

o 

in 

ft 

ft 

pn 

CO 

s 

ft 

ft 






pn 

pn 



pn 



pn 

pn 

CM 


pn 

CM 



pn 

pn 






CM 

CM 

CM 


• 



CM 

CM 

CM 

m 

CM 

CM 

0. 

X 

Ui 









































Ui 

ft 










































2 









































P- 

Ui 









































Ui 

D. 


in 

ft 

ft 

ft 

r>4 

pn 

o 

in 

in 

CM 

pn 

ft 

ft 

CM 

CM 

fs. 

O 

K 

ft 

ft 

ft 

ft 

in 

pn 

pn 


CM 

ft 

O 

CO 

pn 

CO 

in 

CM 

pn 

in 


CM 

pn 

X 

X 

s 

o 

o 


o 

ft 

CM 

pv 

ft 

ft 



ft 

CO 

ft 

ft 

P*4 

in 

CD 

f-4 

r-. 


pn 

ft 

pn 

CM 

ft 

O 

pn 



«> 

<o 

N 

ft 

CM 

r- 

o 

ft 

CO 

Q: 

Ui 


ft 

in 

CO 

ft 


ft 

CM 

ft 

ft 

CM 

o 

CO 

CM 

O 

^• 

ft 

o 

cu 

ft 

CM 

ft 

pn 

in 

ft 

o 

CJ 

in 

ft 

in 


pn 

ft 

CM 

pn 

pn 

o 

K 

CM 

in 

< 


•i 

CO 

pn 

ft 

CM 

Mi 

•ft 

ft 

ft 

ft 

CM 

CM 

CM 

CM 


CM 

tn 

pn 

in 

r*^ 

o 

o 

ft 

in 

(D 

ft 

fN 

CO 

ft 

ft 

CM 

o 

in 

ft 

r-H 

ft 

CM 

CM 

ft 

o 

C 



4 

4 



4 





4 

4 

4 

4 

• 

• 

4 

4 

4 

4 

4 


4 

4 

4 

4 

a 

4 


4 

4 

4 

4 

4 

a 

4 

a 

4 

4 

4 


ft 



ft 

rn 


o 

o 


ft 

o 

n* 

o 

o 

o 


pn 

e 

CM 

e 

CM 

o 

o 

pn 


ft 

ft 

N 

o 

CM 

•> 

o 

ft 

CO 

m 

CM 



o 



4 

p- 

ft 

ft 


CM 















ft 







CO 















ft 

O 









































> 











































Ui 

3 


> 


i 

M 




















V) 

Ui 




























u- 



8 



Ui 



Ui 

u 

S 
























(0 




z 



M 



CD 


Ui 

p-t 

ii 








cn 







cn 









z 


Z 


Ui 



o 



ft 



> 








z 







g 


in 







Ui 


Ui 


r 

ft 



Ui 


O 


O 

a: 









o 












§ 




z 


> 


Ui 

u 

z 


u. 


ft 


z 

Ui 

Ui 

Ui 







M 







5 


u. 

in 





M 




(0 


o 

Ui 

LH 


Ck 

Ui 

5 

in 

> 

ft 







p- 







o 


ft 

ft 



g 



•J 


o 


ft 

o 

M 

a 


UJ 

H 





ft 

Ui 


K 




ft 







in 


ft 

Ui 

CD 

K 








z 

Ui 

K 



Ck 

1 

CD 

Ui 

Ui 

Ui 

u 

z 


in 




PM 









Ci 

p- 

O 


HH 



Q 


Ui 


ft 

c 

ft 

u 


D 

z 

m 

Ck 

Ck 

u 


o 


Ui 




M 




6 


P- 

o 




“> 

q: 




ft 


Ck 


£ 


8 


ft 

m 

Q 

a 

ft 

ft 

Ui 


z 


ft 




z 



Ui 


Z 

K* 


g 

Ui 


< 

< 



ft 


ft 

Ui 


o 

(9 

u 

M 

z 

ft 

u 

u 

CK 

ft 







ft 

8 


u» 

PH 


Ui 


§ 



o 

a 

Ui 

g 




u 

o: 

•1 

£ 

O 

ck 

o 

Ui 

N 

Ck 




u 

p- 





(9 



P- 


z 

19 

ft 


p- 

Ui 


z 

Ui 

g 



ft 

ft 

UI 

o 

lO 



K 

mJ 

— i 

Ui 

p^ 

< 

z 

o 


g 

HH 



ft ( 

tn 

M 

z 

Ha 


_i 


□: 

u 


a 



•i 

u 

M 

N 

V. 

\ 

N. 

N 


1 

ft 

ft 

ft 

c 



ft 

o 

PH 

O 

cn CD 


0 1 

ft 

ft 

>-• r 

cn 

ft 

•J 

Q. 


z 

ft 



ft 




•J 


mJ 


*H 

1 

z 

i 

ft 

Ui 



IH 

P- 

PH 


IH 

z 

mJ 

ft • 

g 

P- 

z 

g 

Ui 

§ 

Ui 


Ui 

Ui 

u z 

Ui (J 

o 

Ui 

Ui 

Ui 

Ui 

ui CL 


5 

u 

£ 

CL 

p- 

ft 

O 

ft 

> 

M 

ft 

Ui 1 

ft 

Ui 


> 

Q 

in 

a 


>- 

m 



ft 

> 


> 

> 

> CL 

ft 


in 



M 


Ui 

ft 

U 

►H 

Ui 

Ui 

o 

PH 

> 1 

D 

Ui 


IL 

CD 

0 

< 

Q 

3 o: 

1 - o 

8 

o 

P -4 

z 

ft 

ft 

ft 

ft 

ft 

o 

►- 1 

Ck 

a 

a 

n 

p- 

►- 

Ui 

u 

3 


Z 

•J 

ft 

8 


— 


cn 

ft 

CD 

ft 

oc 

o 

O 

ft 

UI 

.i 

UI 

z 

L-C 

DC 

(k 

a 

Ck 

tt 


Q 

Ui 

Ui 

Ui 

Ck 

ft 

ft 

..J 

ft 

O 

Ui 


Ui 

UJ 

5 . 

g 

Z PH 

Ui 

O 

Ui 

K 

lU 

z 

u> a. 

u z z 

u 

IL 

K 

K 

p- 

p- 

p- 

p- 1 

CL 

CL 

C 

a 

Ui 

Ui 

in 

> 

UP ft 

o 


ft 

in 

U ( 

Ui 


a 

z 

ft 

CM 

pn 

ft 

m 

ft 


ft 

ft 

o 


CM 

pn 

•t 

in 




CO 

O' 

o 


CM 

pn 

o 

m 

•O 

K 

0 

O* 

o 


CM 1 

pn 

>0 

in 

•0 

pH 

0 


C\J<UKlK>rOK>fOK>KIK1Kt 


52 


total 333.9683 0.6203 6.8088 



ASSUMPTIONS ABOUT THE THE *6000-9999 HOUSEHOLD INCOME CLASS 


VOLUME I 


PART II.D.l 


421 




QF. POOR QUALITY 


§ m 

M Z 
K O 

< *H 

o z 
u 


G ^ ^ 
^ ^ 

^ €NJ K» 


E 

M 


'O 

c^ 




UJ X 

h- K < 

^ K» ^ 


< 5 K 

O <0 

(A 

a o 

• • • 

O 

X tt 

K> cj eg 


UJ \ UJ 


o 

C5 «► »- 


Z 

< w u. 


UJ 

3 < 


(0 

s 


Z 

o 

Z 

u. 

o 


UJ 

z z 

a 


UJ Q 



r z (n 

UJ 

O O > 

UJ UJ M 

^ Z 

O O UJ 

•j 


^ .j cn 

< 


a a 3 



z C 5 

o 


UJ UJ Z 

K 


53 



422 


ORIGINAL 

OF POOR QUALITY VOLUME I, PART II.D.l 


6 (/> I (0 
Ui O C 


< ^ UJ Ck 

K Qc & 5 

o 5 X ►- 


ui tn lu c 

§ Ui D iM 
> K 

X Z > lA. 

O 


>- z ui r 

O m D M 

-I r -J K 
a o < 
r z *> u. 

Ui O 


>- UI H 

o r D *-» 

^ UJ ^ ^ 

a r < 

X > u. 

UI O 


K Q (/> 
O uj Z Ui 
-j X Ui K 

o a a 5 

X < X »- 
C uj ^ 


bO 

8 

9 

7 

6 

PO 

0 N 

— 0 


pv 

N 

0 

•- 

r 

0 

0 

K 

0 

5 

9 

9 

0 

1 

PO 9 

0 

eg 

0 0 

0 

eg 0 

0 

0 0 

eg 

eg 


A — ^ Oo 


CSi (^ 

Oi ^ 


O 

0 

0 

0 


0 

A* 

O 

0 

0 0 eg eg 0 

A 0 

A 

0 

0 0 

A 

O 0 

0 

0 

rj 

o 

A 

Ol 

c^ <^ io eg 

0 

0 lA 

0 CSi 

0 

0 

0 

eg 

0 


K 

N 

0 


eg 9 0 0 0 

0 — 

0 

0 

— 0 

0 

0 0 

0 

A 

0 0 0 


<0 <0 eg 


0 0 

0 

O 



eg 

0 

«• 

0 




O 0 0 

O 0 

A 

0 

0 0 

0 

0 0 

0 

eg 


0 

pn 

0* 

— lA CJ 


ej 

CM 

cs« 







O 

0 


0 •- 0 

eg 



0 eg 

0 



















0 



0 












o 

C^ sT PO — 

K 

CSi lA 

o vr 

9 

0 

eg 

_ 

e 

_ 

9 

eg 

A* 

eg 

O 0 O 0 O 

eg 0 

eg 

0 

0 e 

9 

eg 9 

0 

9 

0 


0 

o 

O CNJ K> PO 

o 

N 

0 o 

O 

eg 

•* 

0 

0 0 

9 

o 

0 

0 

O eg o 9 e 

0 0 

9 

eg 

0 0 

eg 

eg A 

0 

0 

o 

eg 

O 

o 

^ o e 

o 

0 PO 

o ^ 

0 

o 

o 

O 


e 

O 

lA 

e 

e 

o 0 o eg o 

— O 

O 

o 

o o 

0 

— o 

o 

o 

o 

e 

O 













0 















r>^ 

^ « 

0 O 

h* 

eg 

0 

o 

0 

0 

0 



eg 

A» 0 0 0 o 

A eg 

O 

eg 

0 0 

O 

0 0 

0 

o 

0 

9 

0 

c^ 

•" po ^ ^ 

>y 

A* 

^ a 

O 



A*. 

O 

0 

A. 

9 

0 

O eg eg 9 0 

— 0 eg 

0 

— 0 

A 

0 A 

o 

9 

eg 

9 


<g 

^ in ^ e 

o 

0 cy 

O 0 

0 

o 

O 

O 

eg 

O 


O 

0 

o 

o e eg 0 0 

0 — 

eg 


O A 

0 

0 — 

«_ 

O 

o 



'O 












eg 



^ e 




eg 




















' 















o 

O sf N «• 


o h* 

0 N 


0 

0 

o 

eg 

0 

0 

0 

0 eg 

0 eg ^ eg ^ 

0 0 

e 

A 

A A 0 

eg 0 

9 0 


A 

0 

o 

o cy ^ fO 

CM 

0 0 

o o 

O 

O 

e 

eg 

0 

O 

0 

eg 

o 


o ^ 0 0 eg 

0 O 

0 

0 

0 — 

0 

0 — 

0 



9 

0 

e 

e o e 

m o 

e 0 

CSC 

o 

o 

e 

o 

e 

O 

bA 

0 e 

O O 0 O A. 

— O 

o 

O 

0 eg 

0 

— o 

O 

o 

o 

O 

O 













eg 



eg 












pO 

•O ey 10 

0 

0 9^ 

0 0 

eg 

eg 


9 

9 

0 


0 

o 

0 

• 0909 

0 — 

9 

eg 

0 0 

0 

eg 0 

C- 

o 


A 

0 

CSi 

(y ^ o 

O 

<A CSi 

O CSI 

«• 

o 

o 

o 

eg 

O 

0 

•• 

e 

O 

0 0 0 9 0 

•“ — 

0 

O 

9 0 0 

o eg 

eg 

— 

o 

eg 

— 

fO 

1 

4 

1 

0 

e 

— e 

o ^ 

«• 

o 

o 

o 

o 

o 

O 

0 

0 

O 

o o • o o 

— o 

O 

o 

— O 

eg 

— o 

o 

o 

o 

o 

e 













eg 



eg 













O O bA O 


O CSI 

0 o 

0 


o 


eg 

o 

0 

9 

0 

eg 

m ni « e o 

0 0 


0 

0 ^ 

o 

O 0 

eg 

0 

0 

0 


Ok 

O 0 9 PO 

CSi 

0 O 

o CSi 

9 

o 


0 

eg 

eg 

9 

9 

0 

•• 

O • 0 A* 9 

0 0 

e 


0 0 

A 

0 0 

0 

0 


A 

0 

O' 

bA <y o o 

o 

o ^ 

o ^ 

eg 

e 

o 

O 


e 

O 

0 

0 

o 

0 

0 

6 

3 

5 

0 •» 


«• 

eg 0 

0 


O 

o 

o 

O 

o 

•s 












0 



0 












o 

0 

9 

1 

5 

7 

0 0 

0 0 

•» 

o 

0 0 

9 


9 

e 

0 

eg 

0 

8 

0 

6 

0 

eg 0 

9 

0 

^ 0 


O 0 

0 



0 0 

o 

K PO O -A 

o 

CSi PO 

0 N 

9 

0 


eg 


A* 

9 

e 

0 

0 

o 0 o 0 e 

0 0 

0 

A 

0 0 

0 

0 0 

9 

9 

eg 


0 


^ o- itt -r 


0 0 

0 


0 


9 

r* 

0 

0 

9 

0 

9 

0 0 

— 0 

0 

0 

0 0 

9 

0 — 

0 

0 

«» 

0 



0 PO 


0 O 


O 




eg 



A* 



0 0 

eg 




0 










" 









0 















o 

e po lA bA 

^t 

— 9* 

0 M 

PO 


eg 

0 

eg 

0 

0 

0 

0 


0 — 009 

0 o 

0 

0 

— 0 

0 

A •• 

0 0 

o 



o 

O 0 bA 0 

0 CSi 

O eg 

o 

0 

K 

0 

0 

0 

O 

•" 

A* 

"• 

0 — 0 P^ A- 

0 0 

0 

A 

— o 

0 

A 0 


0 

o 

0 

o 

o 

o K m 

PO 

o o 

O o 

0 

o 

O 

0 

9 


0 

0 

eg 

eg 

o eg 0 0 0 

A ^ 

0 

0 

O 9 

PO 

eg eg 

0 

eg 

eg 

A 

o 




0 — 

0 

PO 







0 



0 0 

eg 



O 0 

0 

0 


















0 



0 












o 

tft o 

CSi 

0 

w 0 

0 

0 

0 

K 

O 

0 

0 

«y 

0 

o 

0 0 0 eg A 

0 O 

0 

0 

0 eg 

0 

A eg 

0 

9 

eg 

eg 

9 


^ 0 O 0 

PO 

<A N 

0 9 

0 

0 

0 

O 

9 

0 

eg 

ev 

eg 

9 

rj 9 eg — 9 

A 0 

eg 

0 

0 O 0 0 0 

0 

0 

0 

0 

A 

9> 

9^ lA ^ 


0 0 

O 0 

0 

O 

o 

eg 

0 


r* 

»i 

o 


o o 0 eg 9 

A eg 

9 

O 

0 O 

0 

0 0 

0 

eg 

o 

0 

0 

O 

AJ C^ ^ 



eg 

eg 







•• 

A* 


0 eg A 

eg 



0 eg 

0 

eg 






m 












0 



0 













lA • O 

PO 

0 O 

CSi K 

o 

eg 

eg 

9 

0 

0 


9 

0 

A. 

0 A eg A 0 

0 0 


0 

eg o 

O 

A 

9 

0 

9 

eg 

0 


CM CM 0 -9 

PN. 

— 0 

0 0 

A* 

0 

0 eg 

0 

0 

9 

A» 

eg 

9 

eg 9 o A eg 


— 

O 

A A 

o 

0 A 


0 

e 

o 

eg 

o 

O pO ^ CSi 


0 

O 9 

0 

o 

o 

0 

9 



0 

0 

e 

0 0 0 9 0 

A 0 

0 

9 

— 0 

0 

0 O 

0 

0 


0 

0 

o 

^ Ai 




eg 







0 

0 


0 eg 0 

eg ^ 



O 0 

0 

mm w 


















0 



0 




— 









n CL Z Z Ck 

< < < < UI 

o a. Ui ^ u CL 

^ 4Ai Z Ui o < 

Ck u M a z V 

-i a X < ^ < 

Ui UI UI Ui X Ui u O 

>Qtno 

8 <CDaKOpo*-i 
0KOO<Ui^OuiX 
~>^u.X(DCLCJXCU 


I Ui M CX 

I (k -I Ui K 

< tn Q 

. 10 u z 

) O' o Ui X 


O D 10 U Z 

•i ck o q: o Ui X 
< U. Ui o tf> 19 

M S. N N N N Z 

u -i ^ ^ -i ^ 

Z Ui lu by by Ui Ql 

^ > > > > > a 

X < ^ ^ < o 

M ck a QE CK CX X 

u. ^ ^ in 

^ <y Ki ^ ii> ^ 


I 10 > ck 

M < Ui 
> Ui Ui u Z 
CX u o 
< Ui ^ X 

u a < 


i^uiM<§Ez§Z 
[ << CX O < O o 
!Z<Uil90 
)OUCZZCL^<i0 
I tn M M Ui < Li M 

:CkOOKKuiUli-i 

iuiuiCX<<-i^Oui 

,CLXCLUiUilO>UiCk 


-•-<yrsi<\i<yrgoiMcg 


CO 

e 2 

5 b. 10 

Q ^ (X 

CO CX by 

u •- 

Z K o ^ 

by O Z ^ Q by 

bu M UI 19 Z 

M ►- Z P Z < 

^ < (O w Z ^ -4 

p Pck4»NC(n< 
^^cxOHZauiz 
M^byOCkbyO^O 
0^>Oby^u.cDP 
<uZKH>pckua 
byOOpZMUJOby 
CkPOOby-iazCL 


MOiKliOKbfOlOfOlOfOlO 


54 


total 1440.00 1440.00 1440.00 9428.8 178.75 61.48 80.16 320.40 62.51 106372 


COUTINUtTIOM OF V*LUE OF TIME VS. MARKET EXPEmiTURES FOR THE 1 1 0 • 000-tl , 999 HOUSEHOLD IICOME CLASS 


VOLUME I, PART II.D.l 


423 


pr.,r;r- 

vF . 


$ 

ft 


I «sl <s» CNj eg m 


(^ o K) 1/1 

eg Kt eg «g rg «g 


eg — i<^ioi9^oiA « — m»-egr^^««^^iA 
poiKiicgi — — - 


\ 


(/) 


= 5 

O -< »- F- 

M < UJ M 

H > ^ Q 
< ft z 

ft I4J < Ui 

c z u. 

M X 


Cheg — eg^ — Koo 

— oin 

o<o — — — — o 

iA<o9^cgo — egfO^ 

— — oeg — — ooto 


g> eg Ki ^ ^ eg 1/1 

•O 'O 1/1 g) ^ CO eg 

— 1/1 ro eg 1/1 

1/1 »n ^ ^ O 

o o — — — — — 


nT in 
(^ — 
1/1 1/1 

o 


I <> I 1/1 I 

I 1/1 I K1 I 


«> I 


V 

eg o 

^ ^ O' 


— ^ eg 


OK>egp^K(^eg^»^ — K 
<» — g)l/1^^co<g«0 — ^ — 
cg<.rKi^OKimog)i/io 
— — ®cgegKiig>yF*^ 

g)^/1•T'^K1egK1egK1<^<^ 
eg — 


$ 

ft 


^ — e ^ « in 


m ifi I — I ^ I ^ m o 

Ki • * — I eg «M eg 


t/l^K<giO — 9^0 

egKipnegcg— eg — egcgKi 


X »-• X 

^ e 

< Z ft 
Z lu uj 
& CL 
> 


o>*^g>og> — 
OstlAl/irv^K1g)<ONy 
ol/1(^egl/1o — o^ — 
o — 1/1 — K1(^cgK1g)<^ 

oeg — o — <gegl/1(^e 


O^Cl/l'Ol/ll/l 1/1 

o — — or^ego o 

N.eg^fc^,y<^»o eg 

egi/iegegegeg— — 


KioO'TOOOh'-wr^ 
<^ego•oo^«oK1o — 

— ^ooooo^^rK1 

— <^Oi/iooo<oeOeg 


0 1/10^0 — 


o o — 


o«^o>^<gen^0in0K 
(^c^eOl/1a>egg>l/1l/1<^o 
1/10 eg- — — < 001/1 
1/10 — 

ooooo — o — ooo 


ft 


OI/lN^f^O^ — 

— Ki Ki eg — Ki eg 


Kego^^Ki — 1/1K10 
fO r»t — — — eg eg 


g1^7^l0^oeg^oo>o^7(^ 
eg — — egegegKicgcg 




55 


K 0 

o 


FOoegoooi/1 — cor^ 
f^f>»egegejKiKi.rof^ 

o-7eg^<»(^l/1lAfO|/1^ 

<^fgoeg<^<^'T<^•0^^ 


eg o 

O — CJ 


r» e o eg 1/1 o K 


O <9 — eg o 1/1 
<1 o eg <0 (^ <7 1/1 
o m o Ki m Ki 

^ Ki eg Ki eo o 
eg o o — Ki o eg 


<7e7<o/^oego — Kio 
— o<^eoege^71Ke^ — 
— eOoc^a>•7eg 
^79'Ol/1eg(^l/ll/1eg — 


Ki.7O^cgo0r»*ooo 
i/i0i/>cONti/ioi/ioegi/i 
o/^^aio T O' o rO0 
^-l/1<oc^Cll/>f*1egK1cg — 


1/1 

o 


OooKiegh->#or»oegKi — on^ouicg — — oeg — 


85 

“> ft 
O ft 

^ UJ 

lO 

> o 
tf> < Q 
O ft O 
n F- U. 


r s 


e - 


UJ 

Z ui 
U ^ ft 

Z < 

UJ lO u 

in c» 

8 CC ►- 

«| Ui 

Z O Ck 


H- in 

o D 
-i u 
u z 


UJ U Z u. 

m M D UJ M 


ft 

< UJ 

U ft 

-F u 

< 

u o 
o 

UJ Z 

r u 


z < 

O y 

ft o 


ft 
Vi ^ 
(9 U 

8^ 

\ N. 

mJ ^ 
UJ UJ 
^ > 

< •< 
ft ft 


0 

o 

ft 

UJ H“ 

in Q 

M Z 

UJ 

•i 19 

\ z 

UJ ft 

> ft 

< o 

ft ft 

>- in 


in UJ 

X 
> /9 


ft U 
M UJ 
U ft 

I ^ UJ 

« ft 

§s 

Ui 

ft o 

UJ UJ 

ft r 


in 

o 


u r in 

O UJ 
-/ X ft 

SsgSjB; 

O < O IH o 

UJ O O M ^ 

Z Z z ft H- < o 

»-4 1-4 UJ < O U4 

O ►“ F- u -> -J 
ft < < -J < O UJ 

ft UJ UJ in > UJ ft 


5r 

19 O 
S in 0 

M Z . 


m 

e 


K o 

Z r- 


u. in 
M ft 
ft UJ 


P UJ 

— w O Z -j 

i-» >- Z O Z < 

•j < m M z -j 
in ft < M r in < 

' ft p K z a UJ Z 

ft>M^UJOftUJOMO 
ujujo^>ouj^iv0in 
x.^^uZ»*^cnQ:0ft 

KUiUJOOpZ^uiOuj 

O^ftinuOuj^JftZft 


— egpn^mo/^OC^o ^egen.7i/lon» 


0^0 — egKi^^i/io/^ 

•• — egegegegcvegegvg 


0(^0 — egenoi/io/^c 

<gcgK>KiK»fOKiKiKiK»ro 


55 


total 382.9089 0.5877 5.1252 


A5SUHPT10MS ABOUT THE THE » 1 0 , 000- 1 1 , 999 HOUSEHOLD IHCOtlE CLASS 


424 


VOLUME I, EART II.D.l 


0 .- ■• ••’ 

OF 


VOLUME I, PART II.D.l 


425 


CnXTw.:. t .. ; j 

OF POOR QUALITY 




Ui 

CM 

M) 

PO ^ 

in >o 

ft n* o 

PO 

ft 

ft 

CM 

ft 



PO 

e 

in — 

ft 


po 

— in ft ft 

O PO 

Q 

O ^ .ft 

— CM 9 o 



-J Ui 

X 

PO 

ft 

CM in 

in — 

m m M> 

o 

ft 

ft 



CM 

ft 

o 


ro ^ 

CM 

ft 

in 

O ft O po PO 

O po 

CM 

po ro ft 

M> m CM o 

9 

1 

< 3 

M 

• 


• • 

• • 

• • • 

• 

• 

• 

• 

• 

• 

• 

• 

t 

• • 

• 

• 

• 


• • 

• 

• * • 

• • • • 

• 

1 

H -I 

►- 

PO 

in 

PO PO 


ft CM O 

ft 

o 

o 

O 

CM 

CD 


K 


o — 

O 

o 


Ki m (^ lA lA 

N >0 

PO 

ft ft o 

ft PO ^ e 

in 

4» 1 

O < 


>0 

CM 

in CM 


— — 

— 

CM 








in 



in 

CM ft — 

M3 

PO 

in — — 




tn 

cn 


o 

o 

X 

Ui 

tn 

E 

X 

<h 

19 


O (O I tf) 
tf) ft ^ X 
ft 3 M O 
UJ O X ►-« 
ft X W 


K O (O 

-i Ui Z Ui 
< ^ UJ ft 
^ ft CL 3 
O < X ►- 

H X Ui M 


K > U. 

o 


cn Ui X 

UJ 3 M 
> -J f- 
l-» < 

3 > iu 
O 


Ui 

K) V) o 
3 -i 
ft. o o 
— XX 


X 

i 

ft 


r 


Cl 

N 

ifi 

Ui 

h- 


Z Ui X 

Ui D M 

X -» K 
O < 

3 > u. 
O 


Ui X 
Z 3 M 

Ui ^ K 

X < 

> u. 
O 


H O CO 

Ui Z Ui 
^ Ui o: 
ft ft 3 
< X ►- 
X UI M 


>■ r 
O uj 
-i X 

ft o 

X 3 


o z 


ft X 
X 


o 

in 

— 

PO 

9 

ft N 

in 

CM 

— 

9 

— 

in 

ft 

PO 

9 

pO 

o 

PO in 9 

CM 

ft 

ft ft 

ft 

— 

- 

in 

CM 

9 ft 

9 

O 

ft 

ft 

CM 

o in 

PO 

o 

ft 

CM 

O 

in 

CM 

m 

«• 


O 


ft 

CSJ 

ft ft in 

ft 

in 

9 

9 

9 

9 

9 9 

ft 

ft 

ft 

CM 

CJ 

PO 

o 

in 

o 


9 

9 

9 9 

M> 

o 

o 

ft 

CM 

9 

PO 

in 

ft 

ft 

ft 

in 

9 

ft 

ft 

•r 

t 


po 

ft 

ft 

O 

ft 

in ft 

CM 

9 


9 PO 

in 

CM 

ft 

CD 

9 

po 

ft 

ft CJ 

Pv 

m 

CJ 

ft 

in 

PO 

o 

in 


ft 

M> 



9 

m 

ft 

Ci 

9 


po 


PO 

ft 

f'* in 

CM 

9 

ft 


O 

o 

o 

9 

ft 

CM 

w 

PO 

po ft 

N 

ft 

O' 

0) 



ft 

ro 


9 

Mi 




CM 


CM 

ft 

9 




in 

9 ft 

9 



CM 

o 

o 

9 

ft 

CM 

ft 



PO ^ 

r.* 


•• 















ft 






CM 





CM 









o 

po 

M> 

9 


o 

_ 

9 

iTi 

pc' 


PO 

CM 

_ 

ft 

CM 

9 

ft 

9 

o 

o 

ft 

e 

po o 

O 

CJ O' 

po 

PO 

ft 

9 

9 N> 



in m ft 


ft 

in 

CM 

PO 

ft 

CM 

9 

ft 9 

po 

9 

ft 

CM 

ft 

— 

in 

PO 

ft 

PO 

o 

o 

o 

o o 

CM 

PO 

ft 


in 


O 

O 

9 

CM 

ft ft 

9 CM 


o^rcvi — — — — lO — looocj^ — I 

— Kl CM 4* csj 


in ^CMO — O^OM>(Ni *0 


M>o<Mr«inKio^ — o 


0 ft pO w ^ 
«) O — M> CM .ft 


pn — «o — ^ftcMf^incM 

inpnopn^ftft'-o^in 


mftmrv^p^m<o®ftcM 

Of^PO-ftft — CCMftCMft 


- e ft — o 

O CM — O — 

9 O 

o o — 

e — 

PO 

O O 

o 

O — O 9 PO «> «M 

fO — 9 

9 

4 0 0 

O O 4 CM 

CM «> 

" 




ft 



— ft 






i 9 — 9 K 

ft ft — CM ft 

— ft 

9 ft 9 po 9 

9 

9 •• 

ft 

9 CM 9 9 CM O 9 

ft e CM 

PO 

CM — 4 

CM ft 9 

po 

> in — ft pn 

CM in — — ft 

— o 

O ft 9 

ro 9 

ro 

ft PO 

o 

^ ft PO 9 — 9 ft 

po PO 9 

o 

4 ft 9 

— 09 

— 

: m in ft o 

o po ^ o pn 

ft o 

o e w 

o — 

PO 

— O 

o 

O 9 ft CM ft O O 

e o lA «A <M «• cNi 

^ O — 







o 



9 






P CM ft ft ft 

po PO ft ft CM 

o •- 

— ft — 

CM O 

9 

ft o 

CM 

O 9 ft ft 9 ft ft 

9 4 PO 

o 

4 9 9 CM — 9 

CM 

P 9 9 CM 9 

in ft ft PO in 

9 PO 

ft 9 ft 

9 O 

O 

PO 9 

— 

9 9 ft 9 O 9 po 

9 CM 4 

9 

O- lA <VI 

— ft 9 


P ft PO ft o 

O PO ft O ft 

o o 

O ^ ft 

O ft 

ft 

n o 

o 

O ^ ft ft CM CM CM 

fO 4 CM 

lA .O ® — 

CM O PO 

CM 

p ^ ^ 





9 

CM 


PO ^ po ^ 

4 CM 

CM 




i 





CM 



CM 






p ft ft o in 

ft ^ in ft ft 

9 ft 

5 

7 

7 

ft 9 

o 

O 9 

o 

CM O 9 O 9 9 9 

CM ft CM 9 

9 m 9 

9 CM O 

9 

p ft 9 in ft 

ft PO in o ft 

ft CM 

— . PO ft 

ft ft 

ft 

CM 9 

o 

ft O 9 O ft ft 9 

9 9 0 


O ft CM 

CM PO 4 

CM 

in ft 9 9 

9 ft — o ft 

O ft 

CM » PO 

9 CO 

CM 

O •“ 


9 o ^ ^ ft 

9 ft 9 

CM 

^ ft 9 

ft CM 4 


ft M) 

Oft — — 

po 

^ PO 


9 



9 9 po ^ 


9 

CM — 




w- CM 




9 









1 9 ft O CM 

PO ft 9 PO CM 

O ft 

PO PO PO 

9 9 

ft 

O CM 

9CMftCM9ft9ft 

9 PO 9 


CM ft — 

9 4 CM 


' ro ^ o — 

CM ft ft ft in 

ft 9 

9 — ft 

9 O 

9 

w ft 

ft 

ft O ft 9 O PO 9 

— 04 

— 

^ O CM 

ft O 9 

CM 

1 O CM ft po 

CM in o o ft 

9 O 

O ft o 

— ft 

CM 

9 — 

O 

O 9 r> PO e 9 

ft 4 pn 

ft 

— — 9 

^ PO 9 

9 

in ft 

ft ^ 9 

PO 



9 

9 


ft ft CM — — 

— ft po 

ft 

PO 

CM 







ft 



4“ 






1 ft pO ft 9 

CM ft o in ft 

ft O 

9 ft PO 

9 ft 

ft 

— ft 

CM 

ft PO 9 ft ft 9 po 

9 9 4 

9 

ft ft fO 

9 po 9 

PO 

’ CM ft 9 O 

in — CM 9 CM 

O 9 

ft ft CM 9 9 

9 

CM ft 

CM9ftft90ft9 

•• ft ft 

O 

9 9 CM 

CM 9 9 

PO 

1 — ft ^ CM 

^ O 9 o ft 

PO o 

O CM ft 

— 9 

ft 

ft — 

O 

O 9 ^ .T po 4* CM 

CM ft O 

PO 

PO ft 4 

9 0 0 

9 

1 m 9 ft 

CM ^ 

CM 



ft 

9 


^ CM 9 CM 

9 ro 

ft 









9 



4 






1 ft 9 ^ CM 

CM 9 — m ft 

ft O 

ft ft PO 

ft ft 

9 

— 9 

ft 

9 — 4 9 ft 9 9 

po o o 

9 

po ft ^ 

A. O A A- 

1 O 9 CM *0 

0 9 9 9 9 

— 9 

ft •• ft 

9 9 

9 

9 ft 

CM 

ft 9 — 9 — 9 U. 

9 0^ 

9 

po 4 9 

O PO t 

e 

■999 — 

^ ft 9 O 9 

O O 

O PO ft 

^ ft 

9 

ft o 

o 

O O 4 9 ro 9 4 

9 9 PO 

ft 

PO <1 ^ 

4 — r 

4 

po CM 


CM 



ft 

9 


9 PO 9 CM 

9 4 

4 

— — CM 




ft 

X 












ft 



s 


•J 



U 

o 


















ft 







9 



2 



ft 


9 


Ui 

M 

:r 







9 







9 




Ui 







Z 


z 

Ui 

•i 


9 


4 


X 

> 

(9 







Z 









9 









UI 


Ui 

X 

4 


ft 

Ui 

O 


o 

or 








o 







V 


ft 


oc 







Z 


> 

Ui 

u 

2 


lU 

< 



Ui 

Ui 

Ui 






ft 







3 


ft 

9 

< 



Q 




ft 


M 

9 

M 

o 

Ui 

ft 

X 

UJ 

(9 

9 

> 

X 






ft 







9 


4 

ft 

X 



M 

9 





9 

< 

Cl 

ft 

X 

«J 

Ui ft 




ft 

4 

Ui 

ft 




4 







9 


ft 

Ui 



9 

ft 

Z 






Z 

UJ 

ft 



O: * 

9 

Ui 

UJ 

Ui 

u 

— 

9 




PM 









U 

ft 

• 


O 

< 

ft 



o 


Ui 

< 


4 

u 


5 z 

4 

o: 

oc 

u 


o 

Ui 




ft 




z 



o 



ft 

9 


*> 

X 

z 



2 


X 

X 


U 


< 

PO o 

O 

4 

< 

Ui 

•1 

X 

X 




Z 



Ui 

o 


z 

ft 


Q 

Ui 

> 



< 

< 



< 


< UI 


O 

5 

9 

U 

M Z 

4 

U 

u 

CK 

4 

ft 





4 

z 


lu 

ft 


UI 


9 


•J 



O 

a 

UJ 

9 




U X 

.J 

X 

o 

a 

o 

Ui N. 

O' 




U 

K 3 

o 




9 

O 


ft 

ft 


Z 

9 

z 

4 


Ui 


ft 

Ui 



Ui 

9 


< 

«( 

iL 

Ui 

. j 

9 

_i jg 

ft 

3 


Ui 

ft 

4 O 

z 

z 

s 

— 

Q: 

ft 


_J 

4 

9 

ft 

Z 

ft 


•i 

X 



X 

u 

ftl 

X 

Z 


-J u 

M 

\ 


\ 

S 

N r 

1 

4 

4 

X 

o 


4 

o 

ft 

O 

o 

9 9 


9 

X 

4 

ft X 9 

4 

M 


•J 

a 


z < 

ft 


< 

U 

• i 


•j 

•J 

-i 

1 

z 

z 

4 

UJ 



ft 

ft 

ft 


ft 


•i 

QC 

o 

ft 

Z 

CL 

UI 

3^ 

ft 


UI 


Ui 

Ui 

u 

X 

UI 

u o 

z 

Ui 

Ui 

Uj 

Ui 

Ui CL 

•i 

c 

o 

U 

X 

(L 

ft 4 

9 

a 

> 

ft 

4 

UJ 

o 

cr 

Ui 

o 

ft 

O 



> 

o 

9 

Ci 


ft 

9 

ft *J 


> 

> 

> 

> 

> 0. 

4 

9 

9 



ft ft 

*u 

4 

u 

ft 

Ui 

U' 

O 

ft 


o 

Ui 

ft 

iu 9 

9 

U. 

ft 

9 < 

g 

3 

or 

ft o 

3 

O M 

z 

4 

4 

4 

4 

< o 

ft 

a 

CK 

o 

o 

ft ft 

Ui 

CJ 

3 

.J 

X 


4 

U 


ft 

ft 

9 

CL 

9 

CL 

O 

ft 

O X 

5 

o < 

Ui 


o 

UJ X 

ft 

X 

X 

a 

tt 

X X 

O 

Ui 

UJ 

UJ 

X 

4 4 


4 

O 

Ui 

ft 

Ui 

Ui 

o 

O 

3 

Z 

ft 

UJ 

O 

Ui 


M 

-) ft 

u. 

X 

9 

a 

U X Z «J 

u. 

ft 

ft 

ft 

ft 

ft 9t 

ft 

CL 

a 

X 

Ci. 

Ui Ui 

9 

> 4 • 

q: 

o 

ft 

X 

9 

u 

o 

Ui 

•J 

a 

X 

CL 

UJ 

> 




































3 

M 




































«j 

ft 

^ CM 

PO 

4 

5 

6 
7 

9 

O 

— 

CM 

PO 

4 

9 

9 ft 


9 

4 

o 

— 

CM po 4 

9 

9 


9 

9> 

o 

— 

CM 

PO 4 

in 

9 

ft 

9 


v^^cmcmcmcmcmcmcmcm cMCMpnpnpnpnm 


57 


fOTAL 1<^ci0.00 1<i40.00 1<«^0.00 11961.3 799.98 256.79 229.39 1235.56 232.05 387611 


I 


426 


i -J-. 




' POOR QUAinrY 


VOLUME I, PART Il.D.l 


tn 

cn 


o 

u 

z 

M 

o 

o 


I ^OlA^(^NlncsJ(^ 

i csi ca CM csj m K» 


O O ^ ^ K> lA O 
CM m CM CM (\J CJ ^ 


N I CM ^ CM 
^ I ^ ^ CM 


«^CMO«-^M>lAi 


I h* ^ 


(T) 

g 

Z 


O' 

o 


o ^ 

K 

1 - 

1 PO 



o 

o 

4) 


po 

po 

in 


CO 

CM 

pn 


9 - 

-J* 

H« < 

UJ 

M 

1 <0 

If. 

>T 

CM 

K) 4 ) 

9 ‘ 

o 

o 

CO 

in 

pn 

CM 


PO 

CO 

K > 

X 

o 

1 CM 

PO 

K 1 

o 

CO 

CM 

4 > 

o 


o 

CO 

o 


N 

in 

M> 

4) 

< 

ft 


1 rv 

'O 

•O 


>o 

9 ^ 

CM 

po o 

o 

in 

CM 

CM 

CM 

c^ 


ft Ui 

< 

UJ 

1 • 

* 

• 

• 

• 

• 

• 

• 


• 

• 

• 

• 

• 

• 


• 

r 

z: 

0 . 



<0 

•— 

o 

O 

O 

o 


e 

o 

•• 





CM 


lAiA ir^ lo ^tACM 4 >^^r^^tf>•»Kl«o 

»o ro i <o I I cMM>f^ ooco^o-yK^coo'^cor^ 

^ I CO i o I o O O ^^OOOOKIOinOIA 

^ 'T I O I O I CM CM ^H>irilAlAr^OIA 4 >r^CM 


lA o 


CM 


I CM •- 


^KtCO^fACMCMCMCM^K) 
^ CM ^ ^ CM 


$ 

a 


I IAM>OO^0CM.'^>O 
I ^ w K> ^ CM 


in rA ^ ^ CM 4 ) 


CM ^ I ^ 

m I 


I N 
I ^ 


o <t r^^fnin^oco^cM^** 

CM CMlOfOCMCMCMCMCMCMCMKt 


g 

Ik 

tf) 

UJ 

5 


a. 

X 


tn 

> 



s 

O 

«• 

CM 

CO 

PO 

h*. 

■n 

o 

in 

>o 


0 * 

fs» 

0 ) 

•C 

o 

O 

9 

PH 


o 

nT 

in 

p*» 

'O 

4 > 

in 

o 


r* 


4 ) 

9 

M> 

o 


9 


Q 


o 

'O 

o 



e* 


4 ) 

4 ) 

'O 


o 


CM 

o 

o 

O' 

-9 


ft 

o 

o 



in 

PO 

o 



in 

4 > 

in 

CM 

in 



in 

«■ 

Ui 

UJ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

a 

a 

o 



o 

CM 

>9 

pn 

po 

O 

o 

PO 

in 

CM 

CM 

CM 

CM 




< 

ft 


10 

Z 


oOO^OOOlOOCOCMCM 

CM<^OOOCJOlOO>»^ 

CM00M>0K)0C^^«0 

*^O0OM>O(^K)CM 


».r«.«.>oo^^<0'OK>incM 

mO^oOCOCMCMCM^CM^ 


^ OM>0<OO^OO^CM 


CM*»fOin^CMO%OtOM> 

^ ^ ro K) ^ ro ^ 


C^ ^ <0 •T K> 

m fo CM ^ m CM 


o ^ o ^ ^ o 


IA'^CMir>f*^OCO<>lACMf^ 
CM ^ ^CM«»CMPOCMCM 


Ui 

n. z 

CO 

CM 


9 

CM 

in 

'C 

O 

4 ) 


pw 

pn 

4 ) 

9 

in 


CM 

e 

pn 

9 

9 

CM 

pn 


in 


O 

N 


9 

9 

<n 

9 

9 


in 


pv 

X 

X o 

to 

CM 

9 

'O 

PO 


in 

M) 

o 

O 

CM 

CM 

4) 


CM 

P^ 

O 

o 

fv 

CM 

9 

O 

9 

•o 

>n 

9 

9 

CJ 

9 

9 

in 

4 ) 

9 

^r 

K 

CM 

pn 

in 

ft 

Ui PH 


9 

4 > 

f". 

>o 

m 

9 

CM 

m 

M> 

O 

CM 

PO 

9 

in 

PO 

o 

pv 

CM 


pn 

o 

pn 

o 

o 

9 

in 

pn 

CM 

in 

9 

in 

9 

pn 

CM 

CM 

pn 

in 

< 


pn 



p^ 

CO 

4 ) 

P'* 

9 

in 

CO 

CO 

PO 

o 

9 


in 

nO 

9 

pn 

9 

CM 

o 

in 


9 

o 

4 > 



to 

9 

pn 

pn 

pn 

4 > 

9 

P*- 

CO 

c 

^ .1 

• 

• 

• 

• 



• 


• 

• 

• 

• 

• 

• 

• 

• 

• 


• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

» 


< IH 

pn 

O 

in 

9 

CM 

CM 

O 

9 

CM 

CM 

in 



9 

9 

CM 

o 

•C 

CM 

P^ 

O 

CM 


9 

in 


r** 

9 

4 ) 


9 

4 > 


9 

in 

9 


o 

• 

K fi 


•9 


CM 



9 

in 


CM 

9 







CM 

in 




in 

tn 

9 

CM 





pn 

O 



























m 

UI 


















K 













Z 



Ui 



UJ 

J” 




























fc 



o 






u 

O 


















U. 






«n 




z 



M 



CD 


UJ 










in 






in 




o 








2 


UJ 

•J 


CO 



9 


T* 

> 

C3 














o 


in 








UJ 


Ui 


r 

9 



UJ 


O 


o 

ft 









o 








ft 


Ui 



z 





> 


UJ 

U 

z 


Ik 


9 


X 

UJ 

Ui 

Ui 







ft 






5 


Ik 

in 




o 



M 


PH 


O 

PH 

o 

Ui 

M 


ft 

Ui 

<B 

(0 

> 

ft 







ft 






o 


9 

ft 

•J 



M 

O 


•i 


ID 


< 

o 

M 

ft 

•i 

Ui 

h- 




HM 

9 

UI 


ft 




9 






in 


ft 

UJ 

< 


0 


z 






z 

UJ 

K 



ft 

1 


Ui 

Ui 

Ui 

U 

J* 


in 




ft 








U 

ft 

> 


O 


IH 


P 


UI 


< 

2 

9 

O 

«J 

5 

2 

< 

ft 

ft 

U 


O 


UI 




ft 




Z 


ft o 



ft 



"> 

ft 

z 


? 


ft 


c 


U 


9 

4 ) 

O 

o 

9 

9 

J 

_J 

X 


ft 




Z 



Ui 

o 


Z 1 - 


o 

Ui 

Ik 




< 


< 


< 

Ui 


o 

n 

CO 


PH 

z 

9 

U 

1 

ft 

9 


ft 





9 

T 


Ik 

ft 


UJ 

(B 



O 


o 

0 . 

Ui 

19 



u 

ft 


ft 

o 

ft 

O 

UJ 


ft 




U 

H 3 O 


*27 


CO 

o 


ft 

ft 


z o 

z 

< 





UJ 

•J 

Z Ui 




< 

< 

u 

UJ 

o 

in 


CO 

e* 


•i 

Ui 

M 

< 

O 


z 

o z 

or 

ft 


•J 

9 

in 

ft X 

PH 


•J 

z 



ft 

U W ft 

z 



u 

M 

\ 

\ 

\ 

\ 

\ 


1 

9 

9 

ft 

o 



•< 

o 

M 

O 

O 

in CO 


in 

ft 

9 ft 

z m 

9 

o 



a 


Z < 

M 




U 


— J 

mJ 


— J 

IH 

1 

z 

Z 

9 

Ui 

CO CO 


M 

ft 

ft 


ft 



ft 

o 

t- z 

ft 

UJ 

z 

IH 


Ui 


Ui 

UJ U 

Z 

Ui 

u 

o 


UJ 

Ui 

UJ 

UI 

Ui 

ft 


o 

o 

U 

2 

2 

z 

ft 

ft 

9 

CD 

ft 

> p-» 

9 

Ui O ft Ui 

o 

ft 

O 



■V 

Q 

in 

o 

p- 

in 

k« 


< 

> 

> 

> 

> 

> 

ft 

9 

<n 

cn 



M 

M 

ui 

9 

(J 

ft 

UI 

ui 

o 

ft 

> 

o 

UJ ft 

u 

m 

in 

< 

fD 

< 

o 

:? 

0 ►- 

o 

3 

o 

M 


9 

9 

9 

9 

9 

o 


ft 

ft 

o 

o 

P- 

ft 

Ui 

U 

3 ft 

z 

_j 

< 

u 

2 

ft 

ft m 

ft 

CD 

ft 

5 

O 

ft 

O 

o 

< Ui 


O 

Ui 

Z 

M 

ft 

ft 

ft 

ft 

ft 

z 

O 

UJ 

Ui 

UI 

ft 

9 

9 


9 

O 

Ui 

ft 

Ui 

Ui 

O 

O 

3 

Z ft 

ui 

o 

UJ 

M 

-> 

K 

Ik 

X 

(0 u. 

u 

Z 

Z 

u 

Ik 


►- 

H- 

P- 

K 

V) 

P- 

CL 

ft 

z 

ft 

Ui 

Ui 

in 

> 

Ui 

ft 

o 

ft 

ft 

in 

u 

O Ui — i 

a 

X 

a 

t 


CM 

pn 

9 

in ^ 

7 

8 

9 

o 


CM 

pn 

9 

in 


p»* 


CO 

9 

o 


CM 

m 

9 

in 

«o 

ft 

CO 

9 

o 


CM 

pn 

9 m 

'C 

N. 

« 

o 
















• 




CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

pn 

pn 

pn 

pn 

pn pn 

pn 

pn 

pn 


58 


total !<>67.6I<>3 0.5987 5.32^5 



f VOLUME I, PART II.D.l 


OF POOR QUALiTY 


tn 

(fi 

< 

u 


o 

u 


o 






-J 






o 






X 






Ui 






(A 






D 

O 

§ 

CA 



§ 

X 

►H 

21 


CJ o- 


»- 

O 

K» 

m lA 

w 


< 

M 

• 

■ • 

•J 

O' 




tn ^ 


o* 

D 


CSJ 


M 

• 

LL 




c 


O 

c 





fL 

w 



o 

1 






o 






o 





o> 

o 





•- 

Csi 







UJ 

X 






a ^ 


O JO 



< 

D K 

o 

CM Pk 

(A 

LU 

a 

O 

• 

• 

O 

X 


X 0; 


CM CM 



Ui 

X UJ 



o 



^ h- 



X 

UJ 

< 

W U, 



UJ 

X 

3 

< 



in 












6 

H 





X 

8 





4U 

CO 




z 

o 

<< 




UI 





Z 

z: 

ft 

in 



UJ 

S (A 

UJ 

T 



r 

CD 

O 

M 



o 

u* 
O > 

1 

K 



Ui 

UJ M 


a 




>- 3 


5 



O O UJ 

•J 




^ (A 

< 

(A 



a 


K 

tr 



c 

O 

< 



UI 

UJ X 

K 


59 


I 


428 


ORlGfNAl PAOS \3 
OK POOR gUALi j j' 


VOLUME I, PART II.D.l 


(/) 

in 


r 

o 

u 


S in I in 
in a -i z 

Q: 3 M O 

uj o x: 
a. X -J 


H g 

^ lu Z 

< ^ Ui I 

K q: a. 

O < X I 

X liJ I 


-i UJ Z 

< 3 IH 

h- -J H 

O < 

K > u. 

O 




I 


ui 


uj m lu z 
in u; 3 M 
D > -i >- 
O 1-4 < 

X 3 > u. 

o 


>• X w r 

O UJ D M 
-I r -j K 
a o < 
r 3 > u. 
Ui O 


>- uj Z 

O z 3 M 

^ Ui -i ^ 

a z < 
z > u. 

Ui O 


<OCJ^in<D(NiOCOOvT 
^^^o<^JK^<oc^r'*cu^ 
'n'TC0'nmmino*-K> 
oi ^ o in m CO m 

>T — 


O'^CUCUCUO^CUKtin 


ro CO «n nj '?■ 

o o o <0 ^ >T o 

CO •- -y c\i >T 

m ^ — 


m cT' o cvi o m 

m m K) in -n <D in 


O' 

^3* 




K*-'TOO^CJn**f^<MK> 
<Minino>ocoincMor<» 
00 ci CM ifi ^ tf> r-- <0 m 
o O' ^ m ^ ^ 

«- «) 


coo^o^^o^mr^ 

00<000'OCMO'<« 


H>H1C^CMKIlnlO«•00<0 
o'omr'-of'-oors- — CM 
cMooOvj-mcMfnro — -00“ 




o^com'O’O'inKicoo 

O’Oo^o-mo'OO’o 


^ o o ^ «r O CJ 


00 O • <D O' 'O ^ 

CM ^ ^ O »• O ^ 


m ••^oKocoor^mm cmoo«^cM'^^^ooo 


o^'-oo(^omco*o^• 

cM^cMco^inr^^Ki^ 


roflomcMininKicMCMco*- 

<0cM^tn^^r'-r'»r«O's^ 


in«r-»co^^cMCMo^ 


^ ^ CM 


CM O O CM >o m 


^^^0(^00^»l''-00'^ 

m^cOO'K^cMinm — in 


CM hk r« r«> r>> m 

o o o K> 9^ 


^ ^ ^ in ^ 


coQ^co9'r^cM<^ine 

^^o*-in-^9'r'-oeo 


ooC'O'pn^'.^^oinm 
m m — 


cMi>v^m«09'inK>'9CM^ 

N-CM'^OCMO^^^CM'O 


oe^moofn^O'9’ 


^»c^ootn(^o^••c^ 


m o o o o c 


m o m ro o CM <o 

o ^ o m CM m 


-oooeinoN^^o oin'^^cMo^oo^o 


'C'f'9‘f*-r^O'99'K>cO 

mmo^^tnr'»M><ocM 


eK^O'T'O'fiOCO^O^ 

OCMM>f*-'^C0tnCM«*^rn 


(^lnmcDooln•-eKl 

o — 


o o o ^ e «- 


9'M)0®CMKtOCMrvr^ «- K> «t* CO (T* o 

>OCM^^KmCM^CMCM CM CM ro r - M>CM 


N> CMe009''^<^| 
9* — K 


som— 'inminininK'-9' 


0«^^>90CM^0CM 


m«-'T*9'C0CMh'>9^ 

r^>^m9^CMm^in^ 


in nO m o o 

CO CM — 


I 9* o m ^ 


o ^ o m 


•o 


^(OK>M)in<^inocM*> 

ro CM Kl 


Z UJ M 



Ui 

h- 

o 

in 

o »n 

'0 

in 


O 



O 

o 


in ro 

CM 


0 

8 

'9 



o 

CM 

e 


o 


CM 

o 

m in 

O UJ 

z 

Ui 

• • 


• 

• 

• 

• 


• 

• 


• • 

• 

• 

• • 


• 

• 

• 

■ 

• 

■ 

• 


• • 

T" 

3 

-< X 

UJ 

q: 

o «n 

K 

CM 

CM 

CO 

M) 

CM 

>o 


O' 

CO 9- 

in 

'C 


in 



o 

CM 

o 

K» 

o 


CO CM 

UJ 

O' o 

O OL 

a 

3 

K1 

9* 

CM 

CM 

o 

CM 

oo 

m 

in 

CM 

in CM 

in 

in 

n- m 

-5“ 

Kl 

CO 




<0 



O « 

in 

— X 

X < 

X 

t- 

O 

O 





sT 

•- 

CM 

— - 



O’ 

CM 

CM 

«• 

— 




CO 


N 

Kl K> 


’0'T*-mK>f0^r'*.o9eo 


cooM>om9'*incO'0'9 

O<^0'^'-M>9•wC0ln^«^^ 
CM ^ CM fO •• •» 


O 

o 


1 

1 

1 



in 

CM 

Kl 

r-. 

K 


m 

9 

Kl 

in 

N. 

o 

CM 

CM 

o 

0 

fx 

Kl 

0 

Kl 

0 

Kl 

9 

h* 

0 



0 

O 

Kl 0 

9 

CM 

9 

0 ^ 

Kl 

O 

Kl 

c 


1 

Ui in 


CM 


O 

-y 

>9 

Kl 

Kl 

•<9 

CM 

'y 

Kl 

9 

9 

0 

o 

0 


Kl 


CM 

0 

CM 

-y 

0 

CM 

0 


9 

o 

r- 

0 

CM 

Kl 

mm 

Kl 0 

fv 

wm 

0 

•> 


1 

in 

UJ 


• 

• 


■ 



• 


• 


• 

• 



■ 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

■ 

• 

• 

• 

• * 

• 

• 

• 

o 



3 

> 




'9 

sT 

sy 

Kl ^y 

0 


0 

CM 

O 

O 

-y 

CM 

«•> 

Kl 


0 

CM 

O 

CM 

9 

0 


mm 

0 9 

9 

0 

N. 

CM 

0 

^m 

9 — 


0 

CO 

CM 



O 









o 

w> 


in 

0 







0 

h* 




0 


r«. 

CM 

mm 



0 

0 

mm 

CM 






4» 



Z 3 



















O 














— 







tt 

>- 











































UJ 

< 











































> 

o 


Q 









































O 

\ 


UJ 




Kl 

9 

>9 

'0 



0 

-y 


0 


CM 

Kl 

^y 

9 

9 

0 

o 

9 

0 

O 

O 

o 

Kl 

0 

0 

0 

o 

CM 

9 

0 

9 


9 O 

9 


0 


in 


K- Z 


'O 

CM 



9 


in 

'9 

o 

r«. 

-y 

in 

Kl 

9 

9 

CM 

O 

>y 


9 

CM 

o 

0 

9 

O 

0 

0 

Kl 

o 

Kl 


0 

mm 

o 

9 0 

0 


0 

UJ 

Ui 


o 

UI 


• 

• 

• 

• 


• 

• 





. 

• 

• 


« 



• 

• 

« 

• 


« 

t 


• 


• 

• 

■ 

• 

• 

• 

• > 


• 


z 

►- 



X 


CM 

CM 

9 

(> 

'y 

Kl 

o 

r-^ 

O 0 

m 

o 

O 


0 


0 


Kl 


O 


Kl 

0 

0 


O 0 

o 

0 

0 

9 

0 

0 

Kl K*. 

O 

CM 


K 



0. 

o 


9 

K» 

h*. 

-9 



Kl 




Kl 







r- 

fX 




0 

CM 

0 

CM 


mm 


9 

Kl 

K> 

CM 







X 


z 

3 


CM 

















0 







•9 














or 

K* 


Ui 









































o 

lU 

r 


o 









































m 



UJ 



in 

CM 

in 

CM 

in 

rv. 

CM 

cy 

in 

0 

o 

0 

9 

0 

Kl 

9 

0 

9 

wm 

O 

Kl 

o 

0 

CM 


0 

0 

0 

rj 

r-* 

0 


CM 

0 


0 

CM 

0 

Ui 



>- 

O Z 

-J UI 


CM 

9 

in 


^y 

o 

-9 

Kl 

in 

in 

0 

>y 

0 

fx 

Kl 

Kl 

-y 

o 

Kl 

9 

CM 

9 

0 


0 

0 

O 

CM 

CM 

o 

CM 

0 

9 

O 

0 r-' 

9 

CM 

<o 

5 





CM 

Kl 

r- 



-9 

9 

o 

0 

CM 

o 

O 

CM 

0 

•• 

0 

0 


O 

O 

o 

«• 

9 

«• 


Kl 

0 

O 

9 

n- 

r>» 

Kl 


CM o 

O 

0 

CM 

H- 



a 

r 



in 

CM 








CM 







Kl 

0 




0 

CM 

0 

CM 

mm 



Ks 

0 

0 

mm 






M 



r 



K> 

















0 







9 














g 

Ui 

a. 



UI 









































X 

























0 

UJ 


















UJ 



















z 



UI 



UI 

r 


































>- 



o 






u 

o 


















K 












0 




X 



K4 



0 


UJ 


X 








0 






0 




UJ 












X 


2 


UI 



O 



<« 



> 

tm 








X 






g 


0 


X 












UJ 


UJ 


Z 

< 



UI 


o 


o 

a 









o 








W 


o: 








X 






> 


UJ 

u 

X 


u 


< 


X 

Ui 

Ui 

Ui 







M 






5 


U 

0 

< 








o 




M 


K4 


O 

M 

o 

UI 



q: 

Ui 


0 

> 

a 







K 






o 


< 

a 

C 








M 

o 





10 


< 

o 

M 

a 


UJ 

i- 




N4 

< 

UI 






< 






0 


a 

UJ 








0 

K 








X 

UI 

K 



a 

1 

0 

Ui 

UI 

UJ 

u 

X 


0 




rsj 








u 

K 

• 







o 

< 

H4 



P 


UI 


< 

z 

<< 

lO 

-i 3 


< 

a 

a 



o 


Ui 




M 




S 


K O 



K- 

in 







-> 

K 

z 



5 


a 


c 


U 


< 

0 o 

O 


•< 

UI 

•i 

X 


a 




z 



Ui 


2 H 


o 

Ui 

> 








< 

< 



< 



UJ 


o 

3 

0 

U 

M 

T*" 

< 

u 

u 

a 



K- 





< 

z 


u. 

K* 


Ui 

0 










o 

a 

UJ 

o 




u 

0: 


rx 

O 

D* 

o 

lU 

N 

a 




u 

K 

3 O 




0 

o 


M 

1- 


2 0 2 

< 


UJ 








UI 

«i 

X 

Ui 

o 



< 

< 

u 

UI 

O 

0 

.1 

O 




UJ 

M 

< 

O 

X 


6 

X 

9 

K4 



< 

0 

KH X 

Ki 



z 








tt 

u 

K4 

QL 

X 



u 

M 

\ 

X 

\ 

N 





< 

a 

o 



< 

o 

M O 

U 

0 

e 


0 

a 

< KC 

X 

0 

< 

K4 








a 



< 



-K 


U 

•j 




-J 

M 



r 

•< 

UI 

in 

0 


M 


M 


M 

X 

•J 

a 

o 

»- 2 

a 

Ui 

X 

K 







Ui 


Ui 

UI 

u 

z 

UI 

U 

o 

X 

ui 

UJ 

UJ 

UJ 

UI 

a 


o 

o 

u 

r 

X 

X 

0. 


< 

o 

a 

> 

M 

< 

UI 

o 

a Ui 

o 

M 

o 








V 

o 

in 

c 


1- 

0 

1— 1 


< 

> 

> 

> 

> 

> 

a 


0 

V) 



H4 

K4 

Ui 

< 

u 

Kl 

UI 

Ui 

o 

M 

> 

o 

UI W 

u. 

0 

0 

U 





V 

0 

< 

o 

3 

u 

K 

o 

3 

o 



<C 

< 

< 

< 

< 

o 

u 

a 

a 

o 

o 

H- 

K- 

ij 

U 

3 

_l 

X 


< 



K 0 a 

0 

a 

O 





K 

O tt 

u 

O 

•< 

Ui 

^ o 

UI 

z 

M 

a 

CK 

a 

ac 

q: 

X 

O 

UJ 

Ui 

UI 

a 

< 

< 

. j 


O 

UI 

1- 

Ui 

UI 

3 

2 Kt 

UJ 

O 

UI 






M 

“) 


u 

X 

o 

a 

u 

Z 

z 

u 

U 

>- 

K 

K 

y- 

K- 

0 

►- 

a 

a 

z 

a 

UJ 

Ui 

0 

> 

UI 

a 

o 


a 

0 

u o 

Ui -i 

a 

z 

a 

UI 





> 







































3 





M 







































_i 





H 


CM 

Kl 

o 

in 

<9 


0 

9 

o 


CM 

Kl 

O 


0 

N 


0 

9 

o 

«• 

CM 

Kl 

9 

0 

0 


Kl 

9 

o 

»» 

CM 

Kl 

9 0 

0 

f*. 

0 

< 





U 





















CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

Kl 

Kl 

Kl 

Kl 

Kl Kl 

Kl 

Kl 

Kl 

> 





•< 








































60 


total I^^w.OO 14<»0.00 1<i<t0.00 18283.4 714.47 245.40 115.86 1075.73 165.03 247654 



TOTAL EXPENSE RANK MARKET RANK RATIO RANK 

BlUIOfJ $ EXPENDITURES TIME VALUE/ 

PER HOUR MARKET 

EXPENDITURES 


VOLUME I, PART II.D.l 


429 


t 


tfi 

< 

•j 

u 


I — ^ eg cj c\i K> fo rg eg ^ eg eg cw ^ 


Kt O t 

fO I Kl 


in I ro ^ 


eg •• ® 


o o 

eg — • eg 


'C 'S 


I ^Ja>lAln(^r^^*o 
I o<g>(^eg^»C^egc^ 
I to^po^o^coin'^^ 

I or*^^incg«g>K)K> 


ooo 


eg r»- v't eg eg 

>0 m fO <0 o 

O' w 0 » eg >y 

eg o ^ m ro 


^ ^ o ^ — 


O ^ O *0*0 

*- eg •- m eg 

eg — m eg — 

fO eg eg m in 


^ eg Kt o 


I o t CD I CO c^ <0 

I ^ I o 1 ^ 

I o I eo I eg eg <0 

I V I ^ I eg ^ ^ 

I • I • I . • . 

o eg eg eg •- 


^g>HYocgeg9‘CK<^(^ 

'ya'0*-»<gmfO>o»Tin^ 

Chx^rs..^rg(7'(^(0ege0eg 

Kio^r^^^in^cgeg^** 


in ^ eg 


» K>ooh^^n^cgpng) 
I eg eg K> — eg 


O ^ in ^ eg o eg 


cg^ I ^ I (^ I in^m^eo^ninr*^^^ 

m i I ^ I eg — ^ m fo eg eg ^ eg eg eg m 


e 

in 

m 


rs. 

o 


in 

in 

in 

CO ^ 

K 


Kl 


CO 

r< 

in 

a 

o 

•o 

O 

Kl 

o 

eg 

Kl 


« 

in 

n* 

in 



9^ 

m 

in 

eg 

>o 

o 

in 

FO 

o 

rO 

on 

K 

o 

<o 

eg 

Kl 

K 

O 

CO 

>T 

eg 

<r 

<^ 

eg 

o 

o 

eg 

o 

CO 

o 

CD 

O 

o 

cu 

eg 

o 

eg 

o 


h*> 

CD 

CO 

Kl 

eg 

o 

Kl 

in 

eg 

o 

in 


in 

'j* 

n. 

V 


«> 


O 

Kl 



eg 

o 

o 

sO 

o 

Kl 

o 



Kl 

o 

CO 

o 

Kl 

g> 


O 

>o 

sT 

CO 

4) 

o 


<► 

eg 

Kl 

<0 

OJ 

— 



K 


n«. 

eg 

eg 

eg 

4) 

Kl 

— 

Kl 

o 


o 


o 

o- 

"■ 

Kl 


o 

•“ 

o 

n- 


O 


>»• 



o 

- 

- 

o 

eg 

eg 

'J- 

13 

- 

o 

Kl 

in 

eg 

Kl 

Kl 

Kl 

- 

- 

o 


o 

<0 

Kl 

o 

eg 

o 

— 

eg 

eg 


e 

o 

- 

o 

Kl 

o 

o 

Kl 

o 

o 


<g9^^^in(>cg<g^Kir^ 

« <o 

fs. 

O 

Kl 


o in o Kl g> o 

4) 

^ in 

in 


^ eg Kl •- Kl — 

Kl 

Kl eg 

•- Kl 

eg 

KiKicg^w «»«.eg 

Kl ^ eg 

eg 

eg Kl 

eg 

eg 


ooo^*-K»inNr^«t 

(^»-r»•K>a‘C^^«‘^ysne'J 

c^^no®‘n•^•eg^*^n•n 

«nrofOK> — Nj-ingjcom 

lnegeD(^»neg(^^<»^Kl 
•n ^ in ^ eg ^ ^ 


eg g> g> o ^ m rv 

er» V 9^ <D >o 'D in 

rg 0> g> ^ ^ in CO 

0 O' r*« <o <D c* 

Kl o o vn o o 
— 


eg 

in 


9‘Ki9-rs,K>9‘eg<goo 
K»flO(OC>*»-m— 09s0 
eg>T9'O9‘<^KIvTc0K» 

inco — ^^^r^«yegco 

lncgo<Doa><nKlrgc^ 
>y *T eg in eg — 


— m9'inKi^oo*-K>eg 
KioKieO'T'Oinegin^'cg 
^T9eg•o•-c0lnc^oLnc& 
O'^^^m.^eor^Kir^in 

eg«>o^^oinh^«-^Ki 

in ^ 















2 



Ui 



Ui 

2 





























fc 



O 



-J 



u 

o 



















u. 






e 




z 






to 


UI 

K4 

2 








c 







in 




O 







2 


UI 



O 



< 


z 

> 

O 















2 


m 








UJ 


Ui 


X 




UI 


o 


O 

ft 









O 









K 


UJ 


§ 






> 


UI 

u 

Z 


lU 


< 


z 

UJ 

UJ 

UJ 
















lu 

in 

D 







K4 


o 

M 

o 

UI 

M 


ft 

Ui 

(9 

in 

> 

ft 














5 


< 

ft 



M 

o 



— J 


e 


< 

o 


ft 


Ui 

1- 




M 

•< 

UJ 


K 











in 


ft 

Ui 

< 

o 


2 







z 

Ui 

K- 



ft 

1 

CD 

Ui 

UJ 

UI 

U 

r 


in 




Kl 









U 

►- 

> 

o 





Q 


UJ 


< 

c 

< 

u 

_J 

s 

z 

«A 

ft 

ft 

LJ 


o 


UJ 




M 






K- 

o 





“> 

ft 

2 





ft 




U 


< 

in 

9 

o 


< 

UJ 


z 


ft 




z 



Ui 

o 


z 

h- 


2 

Ui 

IL. 


< 

4 



< 


< 

UI 


o 

D 

o 

U 

M 


< 

U 

u 

ft 

< 







< 

z 


u. 



UI 


19 



o 

o 

a 

UJ 

a 




u 

ft 


ft 

O 

ft 

o 

UI 

V 

ft 




u 

K- 

2 

c 




CD 

O 



U> 


2 

2 






UJ 



UJ 




< 

< 

(L 

Ui 

5 

in 


2 



_j 

UI 

K 4 


o 

2 

z o 


ft 




< 

cn 

M 




•J 



ft 

U 


ft 



_j 

u 

M 

\ 

\ 

\ 

\ 

N 


1 

< 


ft 

o 




Cl 

M O 

O 

in 

ID 


in 

ft 

< 

M 

X 

in 

< 

o 


Ci. 


z 

< 

*»« 


< 


u 


mJ 



_l 

M 

i 

z 

2 

< 

UJ 

in in 


►H 

K 

Kg 


M 

2 

•J 

ft 

o 

K- 

z 

ft 

Ui 

2 

K4 

UJ 


Ui 

UJ 

U 

z 

UI 

u 

o 

z 

Ui 

Ui 

UI 

UI 

Ui 

ft 


o 

O 

U 

X 


2 

ft 



CD 

ft 

> 

KH 

< 

Ui 

O ft 

lu O 


o 

K 

> 

o 

to 

O 


H- 

in 

NK 


< 

> 

> 

> 

> 

> 

ft 


in 

1/) 





UJ 

< 

U 

KH 

Ui 

UI 

o 

M 

> 

o 

UJ 


u. 

o 

in 

< 

00 < 

o 

D a 

K 

O 


o 

M 

2 

< 

< 


< 

< 

o 

K 

ft 

ft 

o 

o 

K 


UJ 

u 

5 

•i 

X 


< 

u 

T 

K 

K- 

in 

ft 

(KJ 

ft 

2 

o a 

o 

o 

< 

UI 


5 

Ui 

X 

K4 

ft 

ft 

ft 

ft 

ft 

z 

O 

Ui 

UJ 

UJ 

ft 


< 

.J 

< 

o 

UI 

K- 

UI 

UI O 

a 

2 

z 

M 

Ui 

o 

Ui 


"1 K- 

Ife 

X 

o & 

u 

z 

r 

o 

1^ 

1- 

h- 



H 

in 

►- 

ft 

ft 

X 

LL 

UI 

Ui 

in 

> 

UI 

ft 

O 

K 

ft 

in 

u 

o 

Ui 

•J 

ft 

Z 

ft 

1- 

z 

— eg 

Kl 

't 

m 

g> 


« 


o 


eg 

K> 


in 

g> 



CO 


o 


eg 

Kl nt 

in 

g> 


« 

9> 

o 


eg 

Kl 


in 

'C 

K 

CO 

o 









•• 











eg 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

<g 

eg 

m 

Kl 

K> 

Kl 

Kl 

Kl 

Kl 

Kl 

Kl 


61 


total 1260.7563 0.7465 5.8138 



43U 


VOLUME I, PART II.D.l 


URlG^i-JAL. 

OF POOH QJAuiii 


tf) 

cn 

< 

u 


o 


W 


o 

X 

Ui 

cn 

D 

O 


o in 

M Z 

o 


X ■< 


Q. 

o r 

CL •» 


K> — 
K> <> O 


cO lA 


z 

o 


> 

o 


K» y 

^ 'O 


Ui X 

K a < 

^ D »- 

a o • • • 

X q: in k> <m 

44 i S Ui 

o ^ 

< W ii_ 

3 < 


o 

X 


s 

CD 

ss 

6 


z r 

Ui Q 

X 3 in 

Ui 

o o > 

Ui Ui M 

>- >- 3 

O O Ui 
•J «J lO 

^^8 


O 

q: 

Ui 

CO 


62 


VALUE OF TIME VS. HARKET EXPEUDITURES FOR ALL HOUSEHOLDS 


VOLUME I, PART II. 0.1 




O r w -.n ^ 


431 





CO 

in 


in 

O' 

eg 

4- 

in 

o 

o 

c^ 


O' 

eg 

f"- 

«o 


O' 

Kl 

eg 

eg 

8 

7 

CO 'O K> Kl 

in 


Kl CO 


•• 

•> 

o 

o 

eg 

O' 

O (0 

1 

(0 




. 

• 

t 


• 

. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

» 

» 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

CO CL 



•fi 



0) 

O' 

CO 


n- 


CO 


in 

gr 

O’ 

O' 

o 



O 

CO 

o 

-o 

in 

o eg 

o 

.r 

in 


w« 

f"- 

eg 

Kl 

o 

in 

•s 


O' 

eo 

CL S 

6-4 

o 




'O 

>o 

o 

g} 

g> 


1 J 


fs. 

f«. 

eg 

o 

«» 

>c 

o 

o 

o 

eg 


<g 

f-'. g> 

o 

m 

'O 

eg 

Kl 


Kl 


in 

QJ 

in 

eg 

O' 

o 

UJ o r 

M 

in 

in 

rj 

eg 


eg 

eg 


in 

CO 

K> 

m 

>y 

eg 

in 


n- 

'O 

o 


eg 

o 

o 

CO o 

eg 

OJ 

o 

in 

O 

O' 

Kl 

O 

O' 

CK 

in 

<0 

Kl 

eg 

(L X 


-J 

m 

«> 

<D 




KT 

CO 


eg 




eg 

o 


in 

Kl 

g> 

«p> 



eg 

in eg 



n* 

o 

Kl 

'T 



in 

g> 

Kl 


h* 

o 




o 


in 

eg 



eg 



eg 

eg 







CO 

o 




•o 

•- o 





g> 

eg 

in 











•* 

















Kl 






Kl 















K 

1 

e 

CO 

o 

r'* 


eg 


O' 

o- 



CO 

»n 

r- 


K> in 

CD 

«• 

Kl 


o 

v« 

o 

•- o 


eg 

K> 

K> 


e 

eg CO 

.0 

o 

CO eg 

o 

CO 

^ Ul 
< 

z 

UJ 

Ul 

tt 

o 

eg 

o> 

o 

O' 

'O 

>3* 


O' 

eg 


eg 


o 

fv 

o 

r*. 

K> 

<o 

•n 

o 

n- 

o 

'0' o 


in 





in 

'O 

eg 

in 


Kl 

Kl 

>o 

^ q: 

a 

5 

o 

o 

g> 


Kl ^ 



in o 

in 

eg 


'O 


m 

O' 

K 

in 

>o 

o 

K> 

o 

— o 




>0 

Kl 

CO 

eg 

o 

Kl 

'O 


eg 

e 

O < 

X 

K 



a 





<r 



'O 











Kl 


Kl 







Kl 








^ X UJ 

M 


















o 























1 

1 

Ul 

in 

K in 

Kl 


g> CO n» g> 

O 

O' 

Kl Kl 

O' 

Kl 

o 

0 

in 

O' 


in in 


O K O 

eg 

o 0 in 

O' — 

N 

— O' 

0 

O 

o 


i 

-J UJ X 

o 


N Kl 

cu g> eg 

•o — 

0 

eg 0 Kl 

o 

0 

o 

eg 

fA. 

eg 

hk 0 ^ 

Kl 

0 0 Kl 

O' 

h- rs, eg 

O 0 


h- eg 

K 

o 

N. 


1 

< 3 M 

• 

• • 

• 

• 

• • • 

a • 

a 

a 

a a 

a 

a 


a 

a 

a 

a 

a a 

a 

a a a 


a a a 

a a 

a 

a a 

a 

a 

a 


1 

H -i 1- 

Kl 

Kl CO 


in 

Kl — .O 

— h* 

in 


•- h* 


Kl 

O' 

K 

o 

Kl 

o 

eg o 

0 

in 0 N 

O' 

^ o 

K- m 

o 

m o eg eg 

eg 

c» 

1 

o < 


n* g) N 


Kl 


0 



eg 



0 

o 



o 

in 

in in ^ 


^ O O' 

0 O 

eg 

eg — 


eg 



1 

K > u. 

'C 












eg 








eg 







Kl 

O' 

1 

1 

1 

1 

o 





























1 

1 UJ 

K- 

in eg 

<r 

CO 

-T O' 1/1 

^ o 

O 

o Kl rs. 

Kl 

K- 



Kl 

Kl 

O Kl Kl 

O N> 0 <g o 

0 0 — 

o o 

Kl 

0 ^ 

-o i/i 

z 

1 

UJ in ui X 

O 

<0 eg 

Kl 

co m o 

in O' 

0 Kl O ^ 

0 0 O 

o 

0 


eg 

^ in 

Kl o O 0 


— — O 

N. Kl 

m 

m O' 

o 

Kl 

Kl 

O 

1 

in UJ 3 6K 

• 

• « 

• 

• 

• • • 

a 

a 

a 

a a 

a 

• 


a 

a 

a 

a 

a a 

a 

a a a 


a a a 

a a 

a 

a a 

a 

a 

a 

M 

, 

3 > -g K 

O’ 

o in 



W N 

o ^ 

eg 

e 

e eg in o 

0 

O' 

0 


o 

•- o 

Kl 

o o eg 

0 

moo 

0 

eg 

Kl — 


O' 

m 


1 

O HI < 


o 



Kl 

'O 

eg 






K 

Kl 



Kl 


o ^ 


0 eg 

m — 







1 

Z 2 > u. 













eg 






Kl 









M 

o 

1 

1 

1 

o 





























1 

1 

o 

Ul Ul 

O' 

O' in 

eg 

o 

O N CO 

O <D 


in o O' 

Kl 

Kl 

o 

e 

O 

0 


O 0 

0 

eg 0 in o 

O 0 Kl 

0 0 

o 

eg o 

0 

e 


1 

>• z UJ r 

o 

eg <o 

O' 

O’ 

o g> eg 

Kl in 

eg 

eg 

^ o 

0 

h* 

o 

o 

in 0 


o Kl 

sO O' rj o 

N 

0 0 

o 

eg 


eg 




1 

1 

O UJ 3 M 
-i X -J H 

Kl 

r e> 

o 


^ Kl Kl 

O <3^ 

*0 

o 

o ^ 

Kl 

o 

Kl 


eg 

O 

o 

O Kl 


0 ^ eg 

Kl 

o m o 

fAa O' 

Kl 

m eg 

o 

m 

Kl 


1 

a o < 

O’ 

•• #n 

Ag 










r'a 

Kl 



<g 




eg •• 

eg 







1 

1 

1 

X 2 > u. 

UJ O 

" 












eg 






eg 











o 

UJ UJ 

o 

Kl CO 

g) Kl 

eg g> 

— tf) 

O' 

o 

eg 0 Kl o 

O' 

in 

Kl O' 

eg 

O' in 

r- 

o Kl m 

O 

mo — 

eg O 

m eg 0 

Kl 

K 

O 



» UJ X 


«• o 

sT 

o 

in O' o 

0 0 

in 

fAI 

o o 

eg 

o 

in 

0 

Kl 

eg 

Kl 

eg eg 

Kl 

Kl O' o 

o 

0 o 

0 Kl 

Kl 

O Kl 

O 

0 

eg 



O Z 3 HI 
^ Ui -J K 

in 

O' o 

O 

eg 

— <^ nJ- 

O O 

0 

o 

^ o 

eg 

eg 

o 

0 

Kl 


O 


Kl 

0 eg eg 

0 

m N — 

— 0 

0 

0 O' 



o 



0. X < 

eg 

in Kl 



eg 


eg 






Kl 

fs. 



r* 

O 

Kl Kl ^ 


— 0 

0 — 








X > u. 
UJ O 

in 












N 






0 










UJ 

H o cn 

O 

m O' 

in o 

O' <0 ^ 

o <o 

0 

O' 

O K 

eg 


o 

O' 


O' 

o 

Kl o 


o K m 

K> 

O Kl Ka 

o o 

0 <g 

0 

o 

m 

Kl 

in 

O UJ Z UJ 

• 

• • 

• 

• 

a • • 

a a 

a 

a 

a a 

a 

a 

a 

a 

a 

a 

a 

a a 

a 

a a a 

a 

a a a 

a a 

a 

a a 

a 

a 

a 

r- 

O 

-J ^ UJ CL 

o 

m o 

g> 

'f 

m eg eg 

Kl ^ 

O' 

mm 

0 o 

O' 

Kl 

N 

eg 

O' 

eg 

o 

Kl O 


o eg in 

0 

0 eg h- 

— 0 

Kl 

O' 0 

0 

eg 

o 

O' 

o 

O (L a 3 


g> g> 

in 

in 

g) g> Kl 

0 O' 

V 

Kl 

^ 0 o 

O 

Kl 

o 

r- 

O' 



o 

0 o 

m 

m 0 o 

o r** 

O 

o m 


Kl 


«- 

X 

I < X ►- 


in Kl 



O o 


O' 



eg 



N. 




O 

o 

eg ^ 

V- 


m — 







N 

X UJ M 


•• 



eg 








0 
















ui <A 
m uj 
3 > 
O M 
X 2 


>- r 

O UJ 


X 3 
Ui 

o 

UJ 

O 2 

-i UJ 

CL r 
c 

ui 




^ N m K» O K> 

rv N. h* csj 


r\iU>^iAiA^iKr»»^ 0 ' 


rofO^J<^c^•oc^<^iO<^J 

'T^m'Ooincu^oin 


' lA I 

in r* 


m ^ o '1^ 


c^J»no>fcor^<^<o<o(^ 


sO o o <D O' ru 
O' m >T O' in o 


N»»o^oin^pnin-^ 

•c <0 cu V 


KO'MO'OKINNOO' 


oin^O‘ 0 '^^K)nif»»< 
•• O' m CO K> ^ - 


ln(^J«t)^^J^^kn(^oo 

ooooco<M<^nj ^«9 


cO (O nO c\J ^ ^ I 
O C\J CO O I 


1 . 00 ^ ••oenjr >'>^0 


oo" — coh'-K>f'«*ino>y n» o in eg ^ ^ 

cog>in'7'0<gin^inKi cg^n-ooino' 


^^oo<omominc 

n- <g n» eg 


K>o<gO‘m.nc 0 Kr«'O 


K>^^mr«»inoinooin 

^ eg ' 


cgr^oo^ocDOcgo 


O eg •- 


O' •- — 

in 


in < 
in 


O -<0 ^ — K» CO f'* 
in Ki g> eg 
o- 


in>or'>«-cgeg^inoincg 

O* K» ^ ^ ^ 


r 

o 


CO UJ 

ui r 
(J o 








m 






M 



0 


Ul 

M 







10 







in 










y 



Ul 



CD 



< 


z 

> 

<9 






2 







Q 


(0 








UJ 


UJ 

X 

•o 


*-» 

Ul 


a 


o 

tt 







O 













z 




2 


> 

UJ 

u 

z 

•J 

u 


< 


z 

Ul 

UJ 

Ul 





M 







5 


tt 

10 



o 




M 


M 

o 


o 

Ul 

H4 


tt 

UJ 

S 

10 

> 

tt 





►- 







O 


< 

tt 



M 

13 



•J 


0 

< 

o 


tt 


0 

H' 

mJ 



M 


UJ H 




< 







in 


tt 

UJ 


0 

H 







z 

UJ 

H 




1 

o 

UJ 

UJ 

UJ 

u 

X (0 




Si 









U 

K 


o 

< 






UJ 

< 

X 


u 

mi 


2 

< 

tt 

tt 

u 


O 0 










H- 

o 





-> 

a 

Z 




tt 

r 


u 


< 

m 

Q 

o 

< 

< 

UJ 

aJ 

Z tt 




z 



UJ 

o 



H- 






< 

< 



< 


< UJ 


o 

3 

0 

u 

M 

.• 

< 

u 

U 

tt 

< 





< 

z 


U 



UJ 


(9 



o 

0. 

UJ 





U tt 

•J 

tt 

G 

tt 

5 

UJ 

N 

tt 




L) 



2 


0 

5 


M 

H* 


Z 

0 

z 

< 



K 

UJ 


z 

UJ 



< 

< 

tt 

UJ 

o 

in 

mi 


H 

•J 


UJ 

M 

2 

o z 

tt 

M 


_J 

< 

10 

M 







tt 

U M 

tt 


-i u 

M 

N 

N 

N 


s 

1 

M 

< 

tt 

o 

< 

O 

*H O 

O 

10 0 


Ul 

tt 

< 

Ml 


CO 

< 


mJ 

CL 


z 


M 



u 

mJ 

u 

•J 



M 

f 


z 

< 

UJ 

0 0 
Z Z tt 

ut 




M 

2 

mi 

tt 

O 

K 

Z 

tt 

Ul 

z 


Ul 


UJ 

UJ 

u 

z 

UJ 

u o 

z 

UJ 

Ui 

UJ 

UJ 

UJ 

tt 


o 

o 

u 

r 

K 

< 

0 

K 

> 

M 


UJ O tt 

UJ O 

Ml 

o 


> 


lO 

c 


H 

in 

I-* ~J 

4 

> 

> 

> 

> 


CL 

< 

Ul 

Ul 



^ Ul 

< 

u 

M 

UJ 

Ul 

o 


> 

o 

Ul 


tt 

0 

10 

V 

0 < 

Q 

2 

tt 

K 

o z 

O 

z 

< 

M. 


< 

< 

O 


tt 

tt 

o 

o 

H> K UJ U 3 

mJ 

Z 

•J 

< 

u 

2 


u 

10 

tt 


tt 

H- 

O tt 


o 


Ul 

aJ O 

UJ X 


tt 

tt 

tt 

tt 

tt 

X 

o 

UJ 

Ul 

Ul 

tt 

< < -J 

< 

o 

Ul 


Ui 

Ui 

o 

o 

J 

z 


•Ai 

UJ 

M 

> 

-> K 

U. 

X 

o 

tt 

U 

X X UJ 

u. 

K- 

>- 

1- 

H- 

H 

in 


tt 

tt 

X 

tt 

0 UJ 10 > 

Ul 

tt 

O K 

K 

lO 

u 

° 

UJ 

mi tt 

X 

tt 

M 

K- 

— eg 

Kl 

o 

m 

0 


0 

o o 


eg 

Kl 

1 O 

5 

6 
7 


0 

o 

o 


eg Kl o 

m 

0 


0 

O 

O 


eg 

Kl 

O 

m 

0 

K 

0 

U 








— 

— 


— 

■ — 

— 

— 

— 


— 

— 

eg 

eg 

eg eg eg 

eg 

eg 

eg 

eg 

eg 

Kl 

Kl 

Kl 

Kl 

Kl 

Kl 

Kl 

Kl 

Kl 


63 


total KAO. 00 KAO. 00 KAO. 00 9513.6 1966.09 67A.7A 87B.65 3519.73 677. A6 1097890. A 



TOTAL EXPENSE RANK MARKET RANK RATIO RANK 

BILLION $ EXPENDITURES TIME VALUE/ 

PER HOUR MARKET 

EXPENDITURES 


432 


VOLUME I, PART II.D.l 


-r. pook gjis. (' 


I a* ^ ^ ^ CO 

I ^ CM CM CM CM 


CM CO 

Kl CM K) CM CM CM CM ^ 


^ I I <0 I CM O 

I ro j I ^ — CM — •• •- •- •- 


LA 

fA 

fA 

0 

O* 

0 

Q- 

CO 

A. 

CM 

r»» 

Ah 

fA 

rA 


0 

a 

rA 0 

<« 

1 0 1 


lA 

CO 

lA 

« CD K) 

CO 

0 

PA 


CM CO 

rA 

>T 



N. 


CM 


CM 



lA >0 



CM 

CM 

>0 

^ 0 ) 

4 - 1 

1 o- 

lA 

CM 

<^ 


CD 0 

Ah 

CM 

0 

<0 

CO 

CO 


in 

KL 



lA 

CM 

0 

Kl 

00 

rA 

0 

«o 

rA 





c^ 

0 0 

CO 1 

1 LA 1 

rA 

0 

«) 

>r 

CM CM 

PA 


M> 

rA 

mm 

CO 

0 

LA 

CO 

fs. 

Kl 

rA 

CO 

0 

CM 

CM 

(A 

0 

lA 


CM 

CM 


O' 

0 

N 

0 1 

1 CD 1 

•- 

rA 

A. 

07 

0 rA 

PA 


PA 

rA 


0 

lA 



- 

C^ 

«- 

0 

— 

0 

0 

nO 

— 

0 

— 


— 

h- 


CM 

lA 0 

0 

' -> ' 

rA 

CM 

— 

CM 

CO 


rA 

CM 


PA 

CM 

<A 

0 


CM CM 


I ^co^»n^«»<Mroco 

I ^ <P- CM 


h» ^ CM o ID 


K> lA I 
K» I 


lA I H> ^ O 
^ » CM CM CM 


^ CM lA ^ K 
CM K) K) CM CM ^ CM 


CM 

CM •“ 


^ O 
CM ro 


0 

Ah 

Ah 


0 


0 

0 



CO 

Ah 

0 

LA 

<A 

CM 

0 


'M 

LA 

0 

■<0 

0 

CM 

0 



hT 

LA 


•it 

LA 

■0 

r»h 

LA 

hj* 

LA 

0 

't 

0 



PN. 

w 

lA 


lA 

LA 

0 

07 

0 

LA 

0 

LA 

LA 

<0 


CM 

0 

0 

>0 

0 

O' 

0 

CM 

(O 

LA 

rA 

0 

hO 

0 

CM 

0 


'O 

Ah 

CO 


0 

A. 

<0 


hj- 

CO 

>r 

0 

O' 

LA 

>T 

>0 

<0 


CJ 


O' 

*y 

CM 


0 


0 

PXh 

0 

tf) 

^T 

A 


A* 

PA 

LA 

0 


0 

Ah 

O' 


'C 

0 


•0 


rA 

<0 


LA 


>?■ 

0 

0 

PA 


p^ 


*0 

CM 


O' 

0 


0 

O' 

0 

0 

LA 

LA 

<A 

e 


Ah 

0 


LA 


LA 

PA 

— 

0 

CM 


0 

CM 

rA 

CM 

>0 

— 

0 

PA 


CM 

CM 

CM 

CM 



0 

LA 

0 

0 

0 

mm 

0 

— 

— 

*h 

0 

0 

0 

0 

0 

— 

0 

— 


0 

0 


CM 


— CM O <0 LA 
^ K) K> — m — 


^ >0 ^ ^ CO ^ 
K) Kl CM ^ K> CM 


^ O O C^ (D 
K 1 K> •- 


>o ^ ^ 

^ CM CM 


vj CM 
CM ^ 


lA o CM ^ 

^ CM CM CM 


LA lA CO 
rA CM CM 


CO LA 

h? 


rA 


N 

rA 

LA 

0 

(A 

Ph. 

LA 

PA 

CM 



CM 

ph 

0 

mm. 

hO* 

Ah 

LA 

hO 


0 

0 

hT 

PA 

ph 

phh 

rw 


M) 

pa 


CM 

CD 

CO 

LA 

CM 

Ah 


CM 

M) 

LA 

O' 






O' 

CM 


LA 

CM 

LA 

rA 

0 

LA 

rA 

CM 

Ah 

<0 

CM 

LA 


O' 

O' 

rA 

hA 


>0 

O' 

CA 


-t 

PA 

M 3 

LA 


LA 

LA 

OJ 

Ah 


CM 

'O 

P*h 


rA 

0 

CO 

ph 

CD 

0 


LA 

<r 

0 

0 

ph. 


LA 

M> 

mm 

vf 

0 

Cf; 



I'm 

Ah 

PA 

CJ 

0 


>o 


CM 

LA 

0 

0 

LA 

hT 

P^ 

LA 

N 

rA 

CM 

P«h 

Ah 

LA 

PA 

0 

Ah 

lA 

— 

CD 


PA 

<0 

0 

CO 

CM 


hO 


*0 

CM 


0 

ph. 


PA 


LA 


0 

CO 

rA 

CO A^ 

P'. 

0 

PA 

CM 

rA 

0 

hO 


't 

0 

0 

0 

M) 

0 

0 

LA 

ph 



LA 

CM 

O' 

LA 

CO 

h:t 

O* 

CO 

'0- 

'S 

PA 

Ah 


'O 

CO 



CM 

r^hh 


A* 

PA 



mm 

PA 


CM 

'C 

LA 



rA 

hj- 

0 

LA 

ph 

CM 

PA 



<A 

0 

LA 

PA 

CM 



CM 


•A 


CM 















Ah 





m- 







CM 


CM 









> 


s 

u 


CD 

O 


(A Lii 














z 



lU 



LU 

r 



























f- 



0 



.u 



U 

0 























LA 







M 



ffi 


LU 

IH 

X 







0 







0 









.u 


2 


LU 

.U 


CO 



< 


T“ 

> 

0 














Q 


0 







LU 


LU 





M 

LU 


0 


0 

ft 








0 









ft 



z 






> 


LU 

u 



LU 


< 


X 

LU 

LU 

LU 






AM 









LU 

0 


0 




M 


M 


CO 

P -4 

0 

LU 

piN 


ft 

LU 

r 9 

10 

> 

ft 






P- 







£) 


< 

ft 


M 

(0 



•J 


u> 


< 

0 

M 

ft 

«» 

LU 


mi 



M 

< 

LU 


►- 



< 







0 


ft 

LU 

0 

K 








"y 

LU 

P- 



ft 

1 

0 

LU 

LU 

LU 

u 



0 



PM 









u 

ft 

0 

< 




e 


LU 


< 

c 

< 

4 J 

mi 

3 


< 

ft 

ft 

u 


0 


iU 



PM 






h- 

0 



P» 

”> 

tt 

z 





a 


r 


u 


< 

LA 


0 

< 


LU 

mJ 

X 


ft 






IU 

5 



A- 


Q 

LU 


< 

< 



< 


< 

LU 


0 

D 

C 9 

u 

M 


< 

u 

u 

ft 

< 


H 




< 



14 . 

AM 


LU 


0 


•J 

0 

a 

LU 

tn 




u 

a 

mJ 

o; 

0 

ft 

0 

LU 


ft 




u 

»- 

^ 0 


z 

0 

0 


AM 

r> 


z 

C») 

z 

< 


►- 

UJ 


z 

LU 

0 



< 

< 

u. 

LU 

0 

LA 


IS 

K 

mi 


LU 

M 

< 

0 

2 

2 

0 z 

ft 

AM 



< 

0 

AM 

z 

A 1 


-J 


q: 

u 

A 4 

tt 

r 



u 

K 4 




N 

\ 

Z 

r 


< 

ft 

0 



< 

0 

IH 0 

0 

0 



0 

ft 


AM 

r 

0 

< 


K 


z 

« 

PK 


< 


u 

.u 



.J 


M 

4 

Z 

z 

< 

LU 

C 9 1 ? 


AM 

H am 


AM 


mJ 

ft 

0 


z 

ft 

IU 


LU 


LU 

LU 

u 

z 

LU 

u 

0 


LU 

LU 

LU 

LU 

LU 

ft 

mi 

0 

0 

u 



Z 

ft 

A- 

< 0 

ft 

> 

AM 


LU 

0 

ft 

LU 

0 

AM 

0 

> 

Q 

LA 

c 


r- 

LA 

M 


< 

> 

> 

> 

> 

> 

ft 

< 

LA 

in 



r -4 

AM 

LU 

< 

U AM 

LU 

IU 

0 

AM 

> 

0 

LU 

A* 

LU 

0 

VI 

< 

0 

;; 

0: 

p- 

0 

2 

0 

1 •« 


< 

< 

< 

< 

< 

0 

Ah 

ft 

ft 

0 

0 

hm 

r- 

LU 

U 

5 hJ 

X 


Ml 

u 


A- 

A- 

0 

ft 

0 

ft 

q: 

0 

0 

< 

LU 

mJ 

0 

LU 

X 

M 

a 

OL 

ft 

ft 

ft 

X 

0 

LU 

LU 

LU 

ft 

< 

4 

•J 

< 

0 LU 

A- 

LU 

LU 

0 

0 

P 

Z 

PU 

LU 

0 

LU 

p- 

44. 

X 

(d 

a 

U X 

c 

u 

14 . 



r- 

►- 

P- 

LA 

A- 

ft 

ft 

c 

ft 

LU 

LU 0 

> 

LU ft 

0 

A- 

ft 

0 

u 

0 

LU 


ft 

z 

ft 

CM 

rA 


LA 

'O 

ph 

0 

O' 

0 


CM 

PA 


LA 

hO 

N 


0 

0 

0 


CM 

PA 


0 

0 ph 

0 

0 

0 


CM 

PA 

-0 

0 

0 

ph 

0 




















CM 

CM 

CM 

CM 

CM 

CM 

CM CM 

CM 

CM 

rA 

rA 

PA 

PA 

PO 

PA 

PA 

rA 

PA 


64 


total 4197.1875 0.6465 5.1954 



*5'MJHPTI0r« ABOUT THE ALL HOUSEHOLDS 


VOLUME I, PART II.D.l 


433 


r -V 


65 



VOLUME I, PART 1 1. 0.2 


435 


LEGAL BKSTRAinS OOHROimHC DGMKSTIC 
n.S. FIIMS n THSU FOBEIGB OPERATIOHS 

Lindsay Bower 
February 1979 

Abstract 


This deals with Issues arising In regard to United States laws 

and regulation^ which apply to domestic firms doing business abroad. It 
also is concerned with the general nature of restrictions and Incentives 
that foreign governments (sometimes referred to as "host governments") 
Impose upon, or offer to, such firms. Foreign law Is far from unliorm, 
though, so detailed analyses of the problems that U.S. firms might 
encounter from host governments are presented only on a case-by-case 
basis . 

The various legal Issues that are examined here can be categorized 
into two types: those relating to export sales and those associated with 
foreign subsidiary operations. United States firms sell their products 
abroad in both of these ways, but the law governing export sales differs 
markedly from the regulation of foreign subsidiaries. Because U.S. 
industries chat might expand international sales would probably be 
technological and because other governments tend Co be protective of such 
industries, it is assumed Chat most of the growth in U.S. international 
trade would be earned by foreign subsidiaries of domestic corporations. 
For Chat reason, most of this paper is concerned with the incentives and 
restrictions faced by such "multinational enterprises." 
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This paper deals with Issues arising Ir 'Hgard to United 
States laws and regulatlo which apply to domestic firms doing 
business abroad. It Is also concerned with the general nature of 
restrictions and Incentives that foreign governments (sometimes 
referred to below as "host governments") Impose upon, or offer to, 
such firms. Foreign lav Is far from uniform, though, so detailed 
analyses of the problems that U.S. firms might encounter from host 
governments are presented only on a case-by-case basis. 

It appears that the various legal Issues that are examined here 
can be analyzed most conveniently by categorizing them Into two 
separate types of problems: those relating to export sales and those 

associated with foreign subsidiary operations. United States firms 
operating abroad make extensive sales through both types of trans- 
actions^ and the law governing export sales differs markedly from the 
regulation of foreign subsidiaries. Furthermore, because U.S. Indus- 
tries that might be expected to expand their sales In International 

markets would probably be very technological In nature and because 

2 

governments tend to be highly protective of such Industries, it Is 
assumed that most of the growth In U.S. International trade that might 
result from such an expansion would be earned by foreign subsidiaries 
of domestic corporations. For that reason, most of this paper Is 
concerned with the Incentives and restrictions faced by such 
"multinational enterprises" (MNE's). 
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1 1 . The Legal Limitations and Advantages of Operating Through Foreign Subsidiarler 
Doing business through a foreign subsidiary presents a wide spectrum 
of l;:sues for any United States-based company. MNE's are heavily regulated 
by both foreign and domestic statutes. Many financial and political con~ 
slderatlons are also apt to arise In connection with an MNE's International 
dealings. 

Experts In International affairs seem to have roached a rough consensus 

on the question of which United States laws have the greatest Impact on 

the operations of MNE's. Without question, the two most Important are 

3 

the Internal Revenue Code and the Sherman Act. Other statutes frequently 

cited by authorities on International business are the Trading With The 

4 

Enemy Act, and certain Investment guaranty statutes. 

Unfortunately, it is extremely diflicult. If not Impossible, to 
provide any clear guidance with respect to the meaning of the first three 
of those acts. The antitrust and tax laws relating to MNE's are extremely 
complicated and rapidly changing. Likewise, last year, an Important change 
was made in the Trading With The Enemy Act which could have significant, 
although as yet unknown, effects on future operations of MNE's. 

A. The Antitrust Laws 

Of the three areas of law mentioned above, the Sherman Act's regulation 
of MNE's seems to be both the most complicated and the most confusing.^ 

Foreign antitrust law is complicated because antitrust law Itself Is com- 
plicated. However, the law is confusing for a number of reasons. First, 
the courts have been unable to agree upon the underlying purpose of the 
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antitrust laws. Soote courts claim that the purpose is to promote consumer 
welfare, 'rhile others argue that the laws were enacted to protect "com- 
petltlot.. " As will be shown below, this difference of opinion has had 
important implications for foreign antitrust law. A second source of 
confusion has been the careless attitude that courts have taken in writing 
opinions involving foreign antitrust Issues. Section 1 and Section 2 
questions are frequently treated together; and when they are examined 
separately, the standard of analysis has been poor. The final source of 
confusion has been the relatively small number of foreign antitrust cases 
decided. Hundreds, perhaps thousands, of domestic antitrust cases are 
tried or settled every year; but the total number of foreign antitrust 
opinions appears to be approximately three hundred.^ As a result, the 
body of foreign antitrust law has been unable to quickly incorporate changes 
in domestic antitrust rules. 

Not surprisingly, this confusion has had adverse effects on foreign 
liivestment by U.S. corporations. Seventy percent of a group of corpanles 
surveyed claimed that the antitrust laws had injured their ability to 
compete in International markets.^ Of course, not alx of that Injury was 
due to the confusea state of the law. Hov/ever, a substantial portion can 
be attributed to that source. "Uncertainty as to what is and what is not 
legal often forces business decision-makers to turn down profitable ventures 

g 

in order to avoid costly and time-consuming court determinations." 

It should also be noted that a business considering an overseas 

investment has no means of obtaining a guarantee that its actions will 
not violate the antitrust laws. Federal courts cannot provide such 

3 
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assurance b.i '.le, under the Constitution, they are empowered to 

provide Judguients only with respect to "caseCs) or controver (sies) . " 

Thus, the courts may not render judgments with respect to hypothetical 

disputes that may occur in the future (except in the narrow cases 

where declaratory judgments are warranted). Likewise, the Justice 

Department has no power to grant immunity to businesses from either 

8 5 

governmental or private antitrust suites. 

Several questions relating to foreign antitrust law are of 
Importance to MNE's doing business in international markets. The most 
importciiit of these questions is "subject-nurtter jurisdiction": the issue 

of which types of foreign activities can be examined under the Sherman Act 
by a United States court. MNE's must also be aware of the question of 
when a United States corporation and one of its foreign subsidiaries can 
be found liable under Section 1 for conspiracy in restraint of trade. 
Flnall”, because foreign subsidiaries of telecommunication-related MNE's 
may possess technology that is superior to that of their local competitors, 
it is important to examine the circumstances under which such a subsidiary 
can be held liable for monopolization or attempted monopolization of a 
foreign market. 

1 . Jurisdictional issues 

a. Such Issues are important because, if analyzed correctly, 
they may provide MNE's with the means of avoiding the restrictions imposed 
by the United States antitrust laws. 
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b. Subject Matter Jurisdiction 

1) Established when it is shown that a defendant's alleged 
restraint of trade had certain types of effects on "trade or commerce... 
with foreign nations." 

2) Courts have used a variety of tests to determine whether 
those requisite effects existed. Four primary criteria: 

(a) "Direct and Substantial" effects; 

(b) "No*" indirect and not Insubstantial" effects; 

(c) The alleged restraint must be either "in" or sub- 
stantially affecting the course of commerce; 

(d) The Timberlane test. 

3) Until recently, a finding of jurisdiction was basically 
a foregone conclusion.^ 

4) More recently, though, there have been some indicatic*’s 
that jurisdiction will be found in foreign antitrust cases only where 
there is proof of an adverse effect upon U.S. commerce. 

a) There is no direct authority for that proposition. 

b) However, the Justice Department takes the view that, 
in foreign markets, the purpose of the antitrust laws is "to protect indi- 
vidual firms from bully-boy tactics by their more ^lowerful competitors."^^ 

c) That view is based upon outdated Supreme Court 
decisions. The Court's recent Sylvania v. Continental T.V. ruling clearly 
held that the Sherman Act's goal is the protection of the consuming public 
and not that of a defendant's competitors.^^ 

d) On the basis of that decision, it could be argued 
that Sherman Act jurisdiction may be applied to anti-comprtltive acts 
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I 

which take place abroad only if an adverse effect upon the interests 

of the American public is shown. 

5) If adopted, such a rule would have major implications 

for MNE's investment decisions since most of their foreign operations 

would probably be viewed as having insubstantial effects upon the 

interests of U.S. consumers. It would be difficult to argue that an 

overseas subsidiary which does not possess significant power in some 

domestic market could significantly affect the economic well-being of 

the American public. In fact, if the Sylvania ruling were extended to 

foreign antitrust law, the only situations where the acts of an overseas 

subsidiary would apparently be affected by the antitrust laws would be 

where that firm purchased or sold a substantial share of the output of 

some U.S. market. Those situations are probably rare, however, so the 

Sylvania ruling could be expected to free foreign subsidiaries of most 

of the restraints imposed by the Sherman Act. 

11a 

c. The Act of State Doctrine 

1) When applied, courts will refuse to invoke jurisdiction: 

The doctrine as formulated in past decisions expresses the strong sense 

of the Judicial Branch that its engagement in the task of passing on the 

validity of foreign acts of state may hinder rather than further this 

country's pursuit of goals both for itself and for the community of 

12 

nations as a whole in the international sphere. ^ 

2) Significance for MNE's doing business in telecommunications- 

related international markets: such markets tend to be either totally 

controlled or else heavily regulated by national governments. Consequently, 
acts of MNE's operating in those markets may essentially be those of the 
foreign states and therefore immune from prosecution under the Sherman Act. 
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3) Circumstances under which the Act of State Doctrine will 

be applied: 

a) In general, courts will apply the Act of State 
doctrine where the circumstances are such that invoking jurisdiction 

would create a strong potential for interference with our foreign relat: jns. 

b) And, in foreign antitrust suits, the question of 
whether such a potential will be found seems to depend on how important 
the foreign state views the actions which are complained of. If tb«i state 
was not aware of the action in question, it will be presumed thw*. the 
foreign government attached little importance to the defendant j . Meged 
restraint c£ trade. However, if a foreign subsidiary was compelled to 
act in a certain, otherwise illegal manner, the Act of State doctrine 
will be applied. The crucial and most disputed and controversial ques- 
tion is whether jurisdiction will be invoked where the foreign state 
permits, condones, or encourages the cation in question. 

(1) Lack of governmental knowledge: Continental 

Ore V. United States ^^ - There, Canada made a Canadian subsidiary of the 
defendant its wartime agent for the purchase of vanadixim. The parent and 
subsidiary then used that power to exclude the plaintiff from the Canadian 

market for that metal. The Supreme Court refused to in-foke the Act of 
State doctrine because there was no indication that any Canadian official 
"approved or would have approved" the defendant's monopolization efforts. 

(2) Government compulsion: Intraamerican Refining 

Corporation v. Texaco Maracaibo, Inc. - In that case, the defendant was 
compelled by the Venezuelan government to refuse to sell Venezuelan crude 
oil to the plaintiff. The court held: 
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"When a nation compels a trade practice, firms there have 
no choice but to obey. Acts of business become effectively 
acts of the sovereign. 


(a) A possible exception to the compulsion rule: 

"inducement of compulsion." Cases decided before 1970 generally held 

that the Act of State doctrine was Inapplicable where a defendant was 

compelled by a foreign sovereign to perform allegedly anticompetitive 

18 

acts and where that compulsion was "induced" by the defendant. 

However, the most recent case involving that issue. Occidental 

19 

Petroleum Corp. v. Buttes Gas & Oil Co . , came to an opposite conclu- 
sion. There, to obtain oil exploration rights in certain offshore regions, 
the defendant induced several foreign governments to alter their terri- 
torial water claims over those regions. As a result of these altered 
claims, plaintiff was prevented from exploring for oil in those same 
regions. Nonetheless, the court found the Act of State doctrine to be a 
complete defense to the plaintiff's antitrust action. 

Thus, the courts may now be taking the view that foreign states can 
best judge for themselves whether or not they will take a particular action, 
even if that action has been induced by a U.S. company aiid has had adverse 
effects on other U.S. businesses. Such a trend would undoubtedly be 
welcomed by MNE's. The inducement exception to the Act of State doctrine 
appears to be paternalistic and excessively ambiguous. Furthermore, it 
places an almost impossible burden on U.S. corporations which have dealings 
with foreign states. Under the pre- Occidental rule, such firms were 
required to somehow ensure that they did not "induce," as opposed to 
negotiate, benefits from foreign states, whenever those benefits might 
work contrary to the Interests of competitive firms. 
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I 

(3) Acnuiescence or approval of a foreign government - 
Until recently, the courts seemed to take the position that if a foreign 
state only condoned or approved a questionably anticompetitive activity, 
the activity was not of sufficient importance to that government to per- 
mit the invocation of the Act of State doctrine. Thus, in United States v. 

20 

Watchmakers of Switzerland Information Center. Inc. . the United States 
government brought suit against a group of Swiss watch manufacturers and 
sellers who had entered into a private agreement in Switzerland. The 
agreement allegedly had anticompetitive effects on U.S. commerce, but 
the Swiss government passed legislation which was designed to aid the 
enforceability of the contract. Nonetheless, because the legislation did 
not require the defendants to act in a prescribed manner, they were found 
liable for violation of the Sherman Act. 

20 

The Swiss Watchmakers decision has been heavily criticized, but it 
is the most recent decision to confront the issue of foreign government 
acquiescence or approval. As a result, few conclusions can be drawn in 
that area of law, and MNE's certainly cannot assume that anything less 
than governmental compulsion will immunize them from the reach of the 
United States antitrust laws. 

(4) Conclusion. The Act of State doctrine is of key 
importance in determining the antitrust Implications of MNE’s doing 

business in telecommunications-related markets. Although there is ' 

a great deal of uncertainty as to when it will be invoked, the doctrine 
is clearly applicable in cases of governmental compulsion and it may be 
applicable when such compulsion is Induced by the defendant. In contrast, 
where the "compelling government" lacks knowledge of the defendant's 
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illegal acts, no antitrust Immunity is granted. However, where the 
host government only acquleses or approves of the defendant's action 
without compelling them, the law is unclear. Traditionally, such 
acquiescense has provided no immunity from the antitrust laws, but no 
court has specifically addressed the acquiescense issue in over twenty 
years and, in that interim, the standing rules have come under attack. 

2. Bathtub Conspiracies and the MNE 

a. Development of the Bathtub Conspiracy theory: Section 1 

forbids conspiracies or combinations it' restraint of trade. Furthermore, 
under the antitrust laws, a corporation and its incorporated subsidiaries 
are viewed under certain circumstances as Independent entitles. Conse- 
quently, some courts have concluded that Section 1 can be violated when 

a coporation and its incorporated foreign subsidiaries collaborate in 
such decisions as product pricing or areas of sales responsibility. 

b. The law of intra-enterprise conspiracy: 

1) In general, there are three major types of conduct which 
will warrant the application of Section 1 to intra-enterprise conspiracy. 

a) Situations where affiliates hold themselves out as 

21 22 
competitors. Thus, in the leading Kiefer-Stewart case, the defendant 

distilleries and their sales organizations were found liable for conspiracy 
to sell only to those wholesalers who would sell at or below maximum prices 
set by defendants. Defendants argued that as "mere instrumentalities of 
a single manufacturing-merchandizing unit," they were incapable of con- 
spiracy. However, the court rejected that argument and emphasized that 

25 

common ownership does not remove the Impact of the antitrust laws. 
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b) Abuses of the Subsidiary Structure. This limitation 
is applied in instances where the subsidiary structure is selected spe- 
cifically for achieving an anti-competitive result. For example, in U.S. v. 

25 

Yellow Cab , the Supreme Court found that the defendants conspired to 
monopolize the sale of cars to major cab companies by buying many such 
companies and then forcing the subsidiaries to purchase cabs from the 
parent corporation. 

c) Internal decisions made by parent and subsidiary 

26 

which have an impact on outsiders. In the In re Penn Central Litigation , 
plaintiffs brought suit on the basis that defendant Pennco had conspired 
with its subsidiaries to divide markets and to thereby injure certain 
minority shareholders. Not surprisingly, the court held that such decisions 
were outside the scope of Section 1. 

2) Under current law, only the competitor limitation may 
still be applicable. Commentators have attacked all extensions of the 

27 

intra-enterprise doctrine beyond the first two theories mentioned above. 

And, in a recent case, the Supreme Court indicated in dictum that the 

doctrine may be relevant only in situations where parents and subsidiaries 

28 

hold themselves out as competitors. 

c. Implications of the Bathtub Conspiracy Doctrine for MNE's 
1) The Timken case. In Timken Roller Bearing Co. v. U.S. , 
an MNE wjs found liable under Section 1 for conspiracy with its affiliates 
to divide world markets. Liability appeared to rest on two factors: 

1) the affiliates always behaved as competitors; 2) formal market sharing 
agreements were entered into by the various Timken companies, indicating 
that the affiliates were not jointly owned and that they were, in fact. 


conspiring. 
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2) No other similar case has been brought against an MNE. 

This surprising lack of litigation Is probably due to the ease with which 
MNE's can comply with Timken . Compared with other foreign antitrust 
decisions, the meaning of Timken Is easily understood and the means of 
complying with the decision are relatively straightforward (l.e., by not 
Indicating that offlllates are competitors and by not entering Into 
formal, anticompetitive agreements). 

3) Possible restraints that Section 1 may impose on an MNE's 
international operations. Under that statute, MNE parents may be for- 
bidden from directing subsidiaries with respect to: 

a) what markets the affiliate may sell In; 

b) combining sales efforts; 

c) allocating customers or products; 

30 

d) exchanging price or cost information. 

3. Section 2 and the MNE 

a. Difficulty of making any judgments with respect to monopolization 
or attempted monopolization of foreign markets. 

1) All but a very small number of foreign antitrust cases 
containing Section 2 Issues seem to involve Issues of monopolization of 
supply of some product to the U.S. 

2) In the few cases which ire relevant to MNE's, Section 1 
and Section 2 issues are usually hopelessly intertwined. 

3) There has been no Section 2 case involving restraints 
of foreign markets in over fifteen years. 
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b. General nature of Section 2 claims. To establish either 
monopolization or attempted monopolization, a plaintiff must first define 
the geographic and product markets that have been allegedly restrained. 

Then, if monopolization is charged, the defendant must be shown to con- 
trol a substantial portion of the relev-.nt , market (usually at least 50 
percent). If tne issue is attempted monopolization, the plaintiff must 
prove that the defendant had a specific intent to monopolize the market 
in question; and that, although the defendant's attempt failed, he had a 
strong probability of success. In either case, the market delineation 

is a crucial step. 

c. Market definition in Foreign Antitrust Suits 

1) Although the issue has never been directly addressed in 
the past, at some point the courts will have to determine the nature of 
the relevant geographic market in foreign antitrust suits. There are a 
number of possibilities: 

a) The entirety of all foreign markets. Under this 

definition, a defendant would have to restrain worldwide trade, excluding 

31 

the U.S., before liability .'ould be found. 

b) The sum of the U.S. and all foreign markets. It can 

be argued that there is ’lO reason to distinguish between U.S. and foreign 

32 

buyers from the perspective of the Sherman Act. 

33 

c) Particular, isolated foreign markets. 

d. The applicable standard. 

1) Unfortunately, there is only one antitrust decision 
which provides any meaningful guidance to the applicable standards governing 
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Section 2 violations; and, that case. Continental Ore Co. v. Union Carbide 

34 

& Carbon Corp. , was decided fifteen years ago. Moreover, it failed to 
explicitly discuss the all-important question of relevant geographic mar- 
ket. In Continental , it was alleged that the defendants used various 
anticompetitive methods to exclude the plaintiff from vanadium markets 
in Canada. A lower court held for the defendants, but the Supreme Court 
reversed. In doing so, the Court made no attempt to define the relevant 
market. Instead, the court based its decision on a finding of proof that 
the plaintiff was injured by the defendants' actions. 

2) Thus, on the basis of the Continental holding, it would 
appear that a Section 2 violation can be found if an overseas business 
has taken steps to exclude a U.S. competitor from any overseas market 
and if that competitor has been injured by its exclusion. 

d) Conclusion. The importance and meaning of Section 
2 to MNF's is unclear. The fact that there have been very few foreign 
antitrust decisions Involving Section 2 issues indicates that monopoliza- 
tion or attempted monopolization of a foreign market may be difficult to 
prove. He -ever, the ambiguity of those cases that have been decided 
Indicauns that the monopolization of any foreign market, no matter how 
small and no matter where it is located, is a risky course of action. 

Under current law, such monopolization or attempted monopolization may 

violate Section 2 if another American firm is in any way excluded from % 

the market. However, because monopolization of foreign markets does not 

appear to affect the economic interest of American consumers and because 

the courts may in the future require proof of that type of effect in 
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foreign antitrust suits, Section 2 may soon have little effect on 
decisions made by iiNE's with respect to their foreign operations. 

B. The Internal Revenue Code 

An MNE subsidiarv with operations in a foreign country may have a 
choice of being Incorporated in the U.S. or abroad. Both alternatives 
have certain tax advantages. However, .nany foreign governments either 
require, or provide strong incentive for, local incorporation. Conse- 
quently, I have devoted most of my tax-related research to tho issue of 
tax advantages of foreign incorporation. 

1. Advantages under the Internal Revenue Code (IRC) of Foreign 
Incorporation. 

a. Deferral 

1) Under Sec. 882 of the IRC, a foreign corporation is 

taxed only on income derived from sources within the U.S. This results 

in deferral of tax on most of the foreign source income of a foreign cor- 

35 

poration owned by a U.S. company until they actually receive dividends. 

2) Consequences of Deferral. 

a) Deferral has no effect on decisions that ate made 

with respect to investing capital in developed countries that have tax 

rates as high as or higher than those of the U.S. (e.g., Canada, Japan, 

and many common market countries) , since taxes paid to such governments 

36 

can be credited against U.S. tax obligations. 

b) Subject to the restrictions of subpart F, profits 

from foreign obligations can be reinvested in other profitable, foreign 

37 

ventures without being taxed by the U.S. 
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c) Tax Havens. Under certain circumstances, an MNE 
with oi>erations in several foreign countries will establish a holding 
company or "base company" into which the profits from the various affil- 
iates can be collected. The base company is usually incorporated in a 

38 

nation which has a low tax burden, such as Switzerland or Bermuda. The 
advantages o^ such a mechanism have been described as follows: 

The multinational corporation, with income sources from 
many nations, each with varying tax rates, can reduce its 
tax liability by pooling group profits in the area of lowest 
taxation. The wisdom of this activity from the standpoint 
of profit maximization is apparent. For instance, suppose a 
multinational parent corporation har its headquarters in the 
United States but subsidiaries in several foreign countries. 

If the profits of those subsidiaries are remitted directly to 
the Pc «nt corporation, they are taxed at the United States 
rate of 48 percent. But if these same profits are remitted 
to a Swiss base company, at no more than the maximum Swiss 
rate of 30-40 percent and usually at a much lower rate. The 
result is that a considerable tax saving is achieved. Earn- 
ings which would have otherwise been lost as taxes are then 
held by the Swiss base company Of course, these profits 
kept in Switzerland are unavailable as dividends to the 
multinational's parent corporation in the United States. 

However, this pool of capital concentrated in Switzerland is 

available for new profitable undertakings among the multi- 
39 

national group. 
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Thus, through the use of a "tax haven," an MKE can pool its group profits, 
reduce its overall tax burden, and use the pooled income for further ven- 
tures before the earnings are repatriated. 

3) Current and Proposed Limitations on Tax Deferral. 

a) Subpart F of the IRC. (IRC Secs. 951-964). Subpart 

F was enacted in 1962 to restrict the use of tax avoidance schemes such as 
40 

tax havens. Under that provision, any United States shareholder who owns 

greater than 10 percent of a foreign corporation must declare as income 

his portion of the undistributed "foreign base company earnings" of that 
41 

• jrporation. However, such foreign base company Income does not Include 

Income derived from the manufacture, production, or sale of property In 

42 

the foreign corporation's country • ' incorporation. 

b) Possible Repeal of the Deferral Option. The 

availability of the deferral option to MNE's has been heavily criticized, 

primarily because it provides MNE's with an incentive to establish manu- 

43 

factoring operations in foreign countries with low effective tax rates. 

Although strong arguments can be raised for the retention of the current 

deferral provisions, there appears to be strong support for altering the 

44 

tax code in such a way as to reduce those incentives, 
b. Tax Credits. 

1) Description. Under IRS Sec. 902, a domestic corporation 
owning at least 10 percent of a foreign corporation is given a tax credit 
for certain types of taxes that are paid by the subsidiary to foreign states. 

2) Limitations. 

a) Not all foreign taxes are creditable. For example, 
the value-added tax, a major source of revenue for many European countries. 
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is not creditable. IRC Sec. 902 applies only to "income, war profits, 

46 

and excess profits taxes; and the government appears to have construed 

47 

that provision strictly. 

b) Possible Repeal. Repeal or modification of the foreign 
tax credit has been proposed on the grounds that state taxes are allowed 
only as a deductio n from federal taxes and that (the argument continues) 
the IRC should treat foreign and state taxes in a similar fashion. Although 

the arguments in favor of that position are weak, its proponents appear 

^ 48 

to have strong support. 

2. Tax Advantages to an MNE of U.S. Incorporation. I have not 
researched this issue in detail. Some of the strongest advantages appear 
to be: 

(a) The investment credit and the Asset Depreciation Range (ADR) 
system are available only for property used predominantly in 

the United States. 

(b) Only domestic corporations may be consolidated with a 
United States parent corporation, so foreign losses in a 
foreign subsidiary may not offset United States tax, nor may 
they be inherited upon liquidation of the foreign subsidiary. 

(c) Dividend distributions of appreciated property made by 
a foreign subsidiary to its United States parent are taxed 
at fair market value, whereas similar distributions by a 
domestic subsidiary are taken into account only to the 
extent of the basis of the distributed property. 

(d) The 85 percent dividends-received deduction is not 

49 

allowed with respect to foreign subsidiary dividends. 
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C. Export Controls 

1. The Trading with the Enemy Act (50 App. 1). 

a. Possibly the most controversial of all restraints that the 
U.S. Imposes upon its liNE's.^^ 

b. Under the associated regulations written by the Treasury 
Department, it is illegal to sell certain types of merchandise to "desig- 
nated" countries. The designated countries include most, if not all, 
of the countries controlled by the U.S.S.R. and Communist China. 

c. Implication for MNE's. The controls of the Act "apply to 

'any person' over whom the United States has jurisdiction. Since the 

boards of directors of many foreign subsidiaries of American corporations 

are composed in whole or part of American citizens, the potential scope 

of application of these controls is very wide. Conflict has resulted. 

The classic case was that of Fruehauf-France, a French subsidiary of an 
52 

American company." There, the U.S. government ordered the American 
parent to order its French subsidiary to rescind a contract with a French 
truck manufacturer. Under that contract, Fruehauf was obliged to supply 
parts for trucks that were to be sold to Red China. 

d. Possible future change in the regulations. The current 
regulations were written under the authority of 50 App. 5(b), as that 
statute read before December 28, 1977. That version of Section 5(b) 
provided that "During any time of war or national emergency , the Presi- 
dent may. .. investigate, regulate. .. transaction:, involving any property in 
which any foreign country ... has any interest." (emphasis supplied) How- 
ever, last year. Congress deleted the words "or national emergency" from 
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the statute. Consequently, because we are not now in a "time of war," 

it appears that the Treasury Department is no longer authorized to pro- 

54 

hlblt sales to designated countries. 

2. Export Administration Act. Under this provision, "licenses of 
different sorts are required for the export from the United States of 
technical data and commodities. Most such exports are made pursuant to 
'general licenses,' which in effect permit the free export to most nations 
of most connooditles. Some materials and data, mainly in the field of so- 
called strategic items, are more tightly controlled; and some nations are 
subject to restrictions of varying degrees of severity ... (W)hen goods are 
exported to, say, Canada, the same restrictions are imposed for re-export 
as would be applicable for direct export from the United States. 


III. Limitations and Advantages of Export Sales 

Firtu^ which make international sales by exporting U.S. goods appear 


to be confronted with more restrictions than are firms which operate 


through foreign subsidiaries. Exporters must typically face both sub- 

( 

stantial tariff restrictions as well as nontariff barriers, such as quotas 

and packaging and licensing laws.^^ Domestic impediments include a number 

of significant legal and financial restrictions. However, U.S. statutes 

also provide exporters with two legal advantages that MNE's do not possess. 

The most important legal restriction imposed upon exporters appear 

to be those relating to documentation, cargo preferences, and health and 
58 

safety laws. In a 1968 study, the National Committee on International 
Trade Documentation found that documentation costs for all U.S. imports 


and exports totalled almost $6.5 billion per year, which amount was approxi- 

59 

mately 7.5 percent of the value of those shipments. 

2n 


% 


Similarly, cargo 
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preference , a type of indirect marine subsidy which requires that in cer- 
tain cases U.S. goods be shipped in U.S.-flag vessels, also raises the 
cost of exporting. 

Significant financial and economic factors Include freight costs and 
the cost of export financing. One commentator has concluded that "govern- 
mental participation in export financing is probably the single most 
important element Jn a country's export-promotion efforts."^^ The United 

States' export financing agency, Eximbank, has announed that it "is deter- 

62 

mined that no U.S. exporter is going to lose a sale for want of credit." 
However, it appears that the U.S.'s financing institutions are unable to 

63 

effectively compete with those of Japan and the Common Market countries. 

Freight rates on U.S. outbound ships, which are oftentimes higher than 

64 

inbound rates, are also a deterrent to export sales. 

On the other hand, many exporters are able to take advantage of the 

innnunity from the antitrust laws granted by the Webb-Pomerone Act and of 

certain special tax advantages. Under the Webb-Pomerone AcL, competitors 

are allowed to form export trade associations which perform functions that 

would otherwise violate the antitrust laws.^^ Exporters may also organize 

Domestic International Sales Corporations (DISCs)^^ and Western Hemisphere 

68 

Trade Corporations (WHTCs). DISC corporations, which must make over 
90 percent of their sales abroad and which must make those sales through 
exports, are permitted to defer taxation on up to 50 percent of their 
profits. Until 1979, WHTC corporations will be able to deduct up to 14 
percent off their corporate income tax. However, after that year, that 
form of corporation will no longer enjoy any benefits under the IRC. 
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